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1,0 INTRODUCTION

A series of eight full-scale crash tests was conducted to
establish a test methodology for evaluating vehicle crash compat-

ibilities and aggressiveness. The objectives of Lhese tests were:

® To obtain the necessary data for establishing appro-
priate criteria for evaluating vehicle aggressiveness
of intermediate, subcompact, and lightweight subcom-
pact-size cars. The vchicies tested were all 1975
model cars which included Honda (ivic CVCC, Volvo
244DL, Ford Torino, and Plymouth Fury.

@ To investigate the Dynamic 3Science segmented load cell
Test Device concept for sensitivity to measure the
basic types of aggre<siveness, namely, architectural,
mass, and structural aggiressiveness.

A summary of the cat-to-Te,t Device test conditions 1s shown
in Table 1-1, This test rerort pre<ents the resalis of Tests No.
7 and 8, head-on collisions between the NHTSA Test Device and the

1975 Plymouth Fury tour-door sedans.,

The Test Device 15 a unique houc rcomb-faced load-measuring
tool which 1s adaptable to botn mesiig barrier collisions (sce
Figure 1-1) and fixed-barrier .octlisi1~ns (see Figure 1-2). The
barrier face of the Test Device 1s made up of 40 six—-inch-thick
energy-absorbing aluminum honeycomb moad:les, each individually con-
nected to load cells. At selected locations, 6 string potentiom-
eters were added to record honeycomir d,ne nic displacement. The
Plymouth cir was first crashed 1nto rhe tixed Test Device (Test
7), and then a similar model was test & 1nto the moving Tcsi De-
vice (Test 8). The closing speed tor the movirg Test Device tests
was selected to give the same energy ctanhge (/T) as 1n the curre-
sponding fixed Test Dovice test., (Sce Aprendilix A for determinition

of equivalent closing speed ‘or roviny Test Device coilisions.)

d
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2.0 TEST METHODOLOGY AND PROCEDURL

Thils section presents a brief description of the test method-
ology and procedures used for conducting the Plymouth-to-Test De-~

vice head-on collisions.

2.1 VEHICLE DESCRIPTION

The vehicles used 1n these tests were both 1975 Plymouth Fury
four-door sedans. Tables 2-1 and 2-2 present the 1incoming vehicle
inspection performed on each car used for the f1ixed and moving

Test Device tests, respectively.

For the tests to be conducted, two Part 572, male 50th percen-
tile Alderson anthropomorphic dummies (GFE) were 1n the two front
seating positions of the car. Each occupant was properly restrained
with the vehicle's lap and shoulder belt restraint system. The secat
tracks were welded 1n their midposition with the secat back latches
secured to prevent breakaway and rotation. Test weights for the
Plymouths were determined by averaging test welghts ot cars used 1in
other crashes. Both collisions were head-on with no lateral off-

set distance between car and Test Device face.

2.2 FIXED TEST DEVICE TESTS

The Plymouth-to-fixed Test Device test was conducted at the
barrier impact facility (see Figure 2-1) with the centerline of
the test car in line with the centerline of the fixed Test Device
face. The vehicle 1mpact velocity (see Table 1-1) was controlled

to within %1 mph.



TABLE 2-1. VEHICLE DESCRIPTION - FIXED TEST DEVICE

Contractor __ Dynamic Science, INC. contract No. DOT-HS-7-01758
VIN NO . RH41G5A153914 Make: Plymouth

NHTSA No -

Year- 1975 color Green Model  Fury

Auto Trans @ no Pwr Steering @ no
(front)
Pwr Brakes- @ no Auto Speed Cont yes @ Bucket
no

Seats Bench X

Pwr Seats yes Anti Skid Brake yes Splait

Bench*
Pwr Windows yes Ai1r Conditioning
Split
Tinted Glass: @ no Rear Window Def yes Back

Bench
Rad1o @ no Brakes drum R disc F
Clock yes
Tire size: GR78-15 p1y rating 4 Mfg & Line General Dual Steel
Steel Eng. Total
Bias Ply. Belted Radial X / Type:_ V-8 Cylinders _§ p:spl.318 CID
Trans, % Fwd Speeds Shipping Weight 4058 1b odometer 54208 mLles
Dealer (name, address, and phone number)
Auto Driveaway Cal Worthington, Chrysler
Los Angeles, CA. Los Angeles, CA.
Remarks (list additional accessories not listed above)
Date of Manufacture 1.75 Dynamic Science No 638 Date Received: 2-15-78
Tilting Steering Wheel yes Telescoping Steering Wheel: yes (r;b
Fuel Capacity Space Saver Spare Tire yes G>
{from owner's manual)
Restraint System Std. Production 3-point Belts
1. Is the vehicle stock throughout® Describe NO. 30 1b of water added
to fuel tank to meet weight goal.
2. Does vehicle show evidence of prior accident history> Describe No
3. Does vehicle show any significant corrosion? Describe No
4 Check condition of the front bumper and frame Includes two front bumpe=ar
guards.




TABLE 2-2. VEHICLE DESCRIPTION - MOVING TEST DEVICE

Contractor+- Dvnamic Science, Inc. C.ntract No POT-HS-7-01758 .
VIN No.: RH41G5A123309 Make Plymouth
NHTSA No.: - .
Year: 1975 Color Gold Model Furvy
Auto Trans: @ ro Pwr Steering Yy -5 no Seats Bench. _)ii______
g (front)
Pwr Brakes @ ro Aato Speed Cont es @ Bucket o
Pwr Seats. yes no Ant1 Skid Brike PO no Split
~—r Bench:
Pwr Windows yes no Air Conditioning y 08 no
Spiit
Tinted Glass- @ no Rear Window Def ;es @ Back
Bench _
Radio: @ ro Brakes drun R dise F
Clock: yes no
Tire Size- H75-15 Ply Rating _4_ ___ Mfg & Line- ,.QQQQ}{‘-L r_Polyglass
ng. Total
Bias Ply: Belted L Radial 7/ %y € _l:@ (yl-ders »g p'spl 318 CID
Trans, # Fwd Speeds __ shipping he ght 3958 1lb ¢ wrer 72,781 miles

Dealer {name, address, and phone nurber)

Auto Driveaway Cal Worthington Chrysler
Los Angeles, CA. Los Angeles, CA.

Remarks (list additionil accessoriles not listed above)

Date of Manufacture 9-74 Dynami  “c1¢ e No __6_3‘9_ L 1te Received 2-16-78

Tilting Steering Wheel yes 10 Telescopina Stecrin, wheel YES ne

Fuel Capacity. L Space Sa er ' opir¢ Tire yes Qo
{from owner's manual)

Restraint System, Std. Production 3-point Belts

1. Is the vehicle stock throighout® Descripe NO: 40 po_unds Of‘_w_atey added__

to fuel tank as ballast to rgﬁe}:;E welght geal,

e - — - e e ——

2 Does vehicle show evidince of pricr wcead 1t historys Descrab  No I
3. Does vehicle show any significant corroernn?’ lescrib. NO oo o
4. Check coriition of the ‘--~nct t me 131 trune _ Ipcludes two front

bumper guards.
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The test vehicle was 1nstrumented witn 16 Aaccelerometers, 1
string potentiometer, 6 seat belt loads, and an 1mpact sensor.
The test vehicle was placed at the head of the test track facing
the barrier where 1t was attached to the tow and guidance system.
The fixed Test Device was instrumented with 40 loid cells, b6

string potentiometers, 2 strain gauges, and anr 1mpact sensor.

Upon completion of the pre-crasn checkout of the i1nstrumenta-
tion, the vehicle was towed to the specified test soeel and re-
leased from the tow system just prior to impact. The data from
the test vehicle was transmitted to the data acquisition center
via umbilical cable with telemetry as a backup. The data from the
fixed Test Device were transmitted by umbili2il cable only (sce
Figure 2-2). In order to achieve the we ght j»al outlined i1n the
test plan, 30 pounds of water was added to the fi21 tank of the
test vehicle prior to testirg. See Table 2-3 {for a crash test sum-

mary of tne fixed Test Device configuration,

2.3 MOVING TEST DEVICE [tolS

The Plymouth-to-moving Test Device test was conducted at the
midrange station of the crash track facility fsee "1jure 2-1) with
the centerline of the test cat 1n line witn the center of the mov-
1ng Test Device face. The vehicle 1impact velocity of each test ve-

hicle (see Table 1-1) was controlled to within +1 mph.

The test vehicle was i1nstrument!e«d e¢éxactly the same as the
vehicle used 1n the fixed Test Devica tests witn the abort pottle
placed 1inside the trunk of the vehicle. This wis done f{or safety

reasons. The test vehicle was I laced at the head of the test
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TABLE 2-3. CRASH TEST SUMMARY 8316-7

Test No. 8316-7 Contract DOT-~HS-7~01758

Test Date June 13, 1978 Time 1242 Temperature 101°F

Test Configuration Front-to-Front, Head-on

Vehicle No. 1 (A) 1975 Plymouth Fury 4-door Sedan
Vehicle No. 2 (B) Fixed Tc¢st Device
VEHICLE DATA Vehicle A Vehicle B
Test Weight (1b) 4439 >100,000
Impact Angle (deg)* 0° 180°
Offset Distance
(in.) 0 0o
froast velocaty 0.7 :
DUMMY DATA
Type Part 572 Alderson L None B
Locations LF (Driver) - # 759%** -
RF (Passenger) - # 760%** -
Restralnts Lap,’'Shoulder Belt None
Lap/Shoulde: Belt L
INSTRUMENTATION
Number of Data
Channels . L 48
Number of Cameras 7

*With respect to tow track centerline facing fixed barrier.

**Speed trap measurement.
*x*pAlderson Dummy Serial No.

11



track, facing the barrier. The moving Test Device was instrumented
the same as the fixed Test Device with the addition of 2 longitu-
dinal accelerometers and an additional strain gauge attached to the
frame rails of the moving Test Device. The moving Test Device was
placed at the barrier end of the track. See Table 2-4 for a crash
test summary of the moving Test Device configuration. To meet the
test weight of the vehicle called out in the test plan, 40 pounds

of water was used as ballast and added to the fuel tank.

Both vehicles were attached to the tow and guidance system.
After the pre-crash checkout of the instrumentation, the vehicles
were towed to the specified test speed and released from the tow
system just prior to impact. The data from the test vehicle and
moving Test Device were transmitted to the data acquisition center

via umbilical cable with telemetry as a backup (see Figure 2-3).

12



TABLE 2-4. CRASH TEST SUMMARY 8316-8

Test No. 8316-8 Contract DOT-HS-7-01758

Test Date June 16, 1978 Time 1119 Temperature 95 °F

Test Configuration Front-to-Front, Head-on

Vehicle No. 1 (A) 1975 Plymouth Fury<4—door Sedan
Vehicle No. 2 (B) Moving Test Device
VEHICLE DATA VEHICLE A VEHICLE B
Test Weight (1lb) 4444 . ) ““3012
Impact Angle (deg)* 0° ) ~ 180°
Offset Distance
(1n.) 0 0
Impact Velocity
(mph) ** 29.01 o _~_3?.Ul B
DUMMY DATA
Type Part 572 Alderag_n__“__~ ’“__<__~§9pgﬂ_“»“w__
Locations LF (Driver) - # 759**x -
RF (Passengcr)_:-# 760*:1
Restralints Lap/Shoulder Relt o None
Lap,/Shoulder Belt B
INSTRUMENTATION
Number of Data
Channels 41 - 53
Number of Cameras 7

*With respect to tow track centerline facing fixed parricr.

**Speed trap measurement.
***Alderson Dummy Serial No.

13
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3.0 DATA ACQUISITION

3.1 DATA ACQUISITION METHODS

The overall plan for obtaining the necessary data 1s outlined

in Table 3-1. The table defines the test parameter, measurement

method, and recording method used during the corauct of this pro-

gram.

TABLE 3-1. DATA REQUIRLMENTS

Test Parameter

Impact Time

Approach Velocaity

Impact Velocity

Rebound Velocity

Test Device and
Vehicle Accelera-
tion Measurements

Test Device
Honeycomb Crush

Stress 1n Test
Device Frame and
Horizontal Beams

Forces on Test
Device Honeycomb

Photo-
Magrc.tic Written graphic
Measurement Method Tape ~ Log Analysis
Contact switch sig- X
nal i1mpressed on
millisecond time base
Tow cable velocaity X
sensor
Speed trap entrance ¥+
and exit signals
from speed trap
Calculated Erom high- ¥ X

speed film analystis
and compartment
accelerometer data

Accelerometers, ur- A

bound strain gauge

type

String potentiometer ¥ X

and direct linear
measurelrent

tralin gauyges X

Load cells %

*Velocity 1s also measured by electron:ic counter.




Photo-
Magnetic Written graphic
Test Parameter Measurement Method Tape Log Analysais
Vehicle Structural Direct linear mea- X
Deformation surement
Vehicle Stataic Direct linear mea- X
Crush surement
Vehicle Dynamic Film analysis X
Crush
Restraint Survaval Direct linear mea- X
Distance surement
Steering Column Direct linear mea- X
Intrusion surement
Firewall Intrusion String potentiometer X X
and static measure-
ments
Fuel Leakage Observation and X

timed measurement

Windshield Reten- Direct measurement X
tion and observation
Occupant Head and Triaxial accelerom- X

Chest Acceleration eters

Occupant Femur Load cells X

Loads

Seat Belt Loads Load cells X

Vehicle Weight by Direct pre-test mea- X
Wheel surement using

balance scales

Ballast Weight Balance scale X

NG



3.2 INSTRUMENTATION

3.2.1

Test Vehicle Instrumentation

The test vehicle contained two Part 572 anthromorphic dum-

mies positioned in the left and right front seating locations.

Prior to each test use, the dummies were inspected and adjusted

to meet the torgue and characteristic requirements for these de-

vices.

Sixteen structural accelerometers and one string poten-

tiometer were 1nstalled on the vehicle and ccnsisted of the tol-

lowing

l'

9.

(see Figure 3-1):

A biaxial (X, Z) mount located on the left rocker panel
near the B-piller to measure accelerations of the occu-
pant compartment.

A biaxial (X, Z) mount saimilar to No. 1, but on the
right side of the vehicle.

A biaxral mount (X, Z) located on the rear floor struc-—
ture over the rear axle.

A biaxial mount (X, Z) located on the upper centerline
of the firewall 1n the engine compartment to measure
acceleration of the forward section of the passenger
compar tment.

A biaxial mount (X, Z) located on the centerline of the
rear axle to measure acceleratioun of the rear drive
train and rear suspension assembly.

A single mount (X) located on the top of the engire
block 1n a protective case to measure acceleratio. of
the engine.

A single mount (X) located on the front frame ciross-
menber 1n a protective case to measure axial accelera-
tion of the front frame.

A triaxial mount (X, Y, 2) located near the vehicle

center of gravity on the drive tunnel at the longi-
tudinal C.G. to mecasurc acceleration ol the compart-
ment.

A single mount (X) located in a position similar to
that 1n No. 6, but on the bottom of the engine.

17
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VEHTCTE ACCLTEROME IE K
LOCATIONS AND PHYSTCAL COORDINATES

MAXIMUM
[ x} LCTED READINGS

N, DESCHRITTION F TOCATION  X** x> Jx*
_l--—RAoc‘}grﬁi el ne 1;_11——”—‘& T
pillar behind driver's
seat o 88_~_—_26_ 14
—5" Rr;)(*r ; inel near B-
p1llir brhind pissen-
qor ! Se ot 88 26 ,~lf;
3 Cente rfllmio_f re (1r~523_c7<—
___above roar axle 60 0 __;25
"4 Cent rline of fircwall
At A-p1llar ansaide
¢ngInc compartment 157 O 33
vj“j:L:e*nt‘r zi}no _o_fizfﬁ_ar_ axle 58 0 8
6 Inq]n}: bhlock (Tog
) _centirline) 7o 0 30
7 I'rlmf_'rn smember 181 o 7
"8 lonmitudinal center of
gr a1t 7 of car 124 0 18
3 injine Bl k (Bottom
c~nterlaineg) L 174 0 _?
L7 TR Totentionstor 134 3 20
“xIn G. T T
**Referen e joints
X - Direcrti1on - (enterline of rear bumper
Y - Dar tion - ecnterline of vehicle - left

right centerline (+)

Z - Direction - froundi_l_efve_l?

I0OHG* LAT* VERT*

50 50
50 50
50 50

130 100

100 100
D)

200

50 50 50

200,
1 ain

crenterline (-),

Figure 3-1. Vehicle Accelerometer Instrumentation.

18



10. A string potentiometer installed on the interior fire-
wall to measure the intrusion of the firewall into the
occupant compartment.

11. A tape switch mounted onto the forwardmost portion of
the car to record impact.

3.2.2 Test Vehicle Occupant Instrumentation

The following test dummy 1nstrumentation was installed for
the driver and right front passenger positions:

1. A triaxial accelerometer mount located in the head to
measure 1ts acceleration.

2. A triaxial accelerometer mount located in the chest
cavity to measure chest accelcration.

3. A femur load cell mounted in the femur of each leg to
measure femur loaas.

4. Two seal belt load cells were mounted onto the lap belt
with an additional seat belt load cell mounted onto the
shoulder belt for e¢ach of the two front occupant re-
straint systems. The lap belt load cells were mounted
on each side or the occupant.

The 1instrumentation regquirements for the dummy occupants are

given 1n Table 3-2.

3.2.3 Moving Test Device Instrumentation

The moving Test Device was instrumented with 40 load cells,

6 displacement string potentiometers, 3 strain gauges, 2 acceler-

ometers, and 1 tape switch. Theilr purposes and locations were as
follows:
1. A load cell mounted between each honeycomb module and

Test Dev.ce rigid face tc measure impact forces.
2. A string potentiometer displacement transducer mounted

at selected honcycomb locations to measure dynamic
honeycomb displaccment.

19



TABLE 3-2. OCCUPANT INSTRUMENTATION

Maximum

Occupant Accelerometer and Load Cell Locations Expected Readings

Description of Locations Long Lat Vert Long* Lat* Vert*
Driver head accelerometer X X X 200 100 200
Passenger head accelerometer X X X 200 100 200
Driver chest accelerometer X X X 100 50 100
Passenger chest accelerometer X X X 100 50 100
Draiver left and right femur 3000
load cell 1b
Passenger left and right 3000
femur load cell 1b
*In G.

3. A single (X) accelerometer mounted on the longitudinel

frame rails (mounted on each side) to measure acceler-
ation of the Test Device.

4. Two strain gauges mounted on selected horizontal impact
face beams to measure strains developed in the front
structure due toc the impact force.

5. One strain gauge mounted on the right side of the Test
Device longitudinal frame rail to measure strain in the
vehicle frame structure.

6. One tape switch mounted onto a selected honeycomb module
to record the time of impact.

Figure 3-2 defines the typical instrumentation honeycomb
module; Figure 3-3 describes the location of 1nstrumentation on
the Test Device impact face; and Figure 3-4 shows the location of

the 1nstrumentation on the Test Device vehicle structure.

3.2.4 Fixed Test Device Instrumentation

The instrumentation on the fixed Test Device was the same as
on the moving Test Device except that the strain gauges and accel-

erometers on the Test Device frame were deleted (Figure 3-5).
20
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3.3 PHOTO-INSTRUMENTATION RFQUIREMFNTS

3.3.1 Fixed Test Device Photography

Six high-speed (four 1000 fps and two 500 fps) cameras and
one panning (24 fps) camera were used as shown in Table 3-3 for

the fixed Test Device/moving vehicle tests.
The panning camera documented the i1nstrumentation, pre-test
and post-test configurations, pre-test and post-test dummy posi-

tions, and the Test Device and vehicle crush profiles.

3.3.2 Moving Test Device Photography

Six high-speed (four 1000 fps and two 500 fps) cameras and

one panning (24 fps) camera were used as shown in Table 3-4 for

the moving Test Device/moving vehicle tests.
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4.0 SUMMARY OF TEST RESULTS

This section of the report presents the results of the Plymouth-
to-Test Device crash tests performed under Task 4. Copies of instru-
mentation data traces (Calcomp plots) are included in Appendix B for

Test No. 7 and in Appendix C for Test No. 8.

4.1 TEST SUMMARY: PLYMOUTH-TO-TEST DEVICE TESTS

A summary of pertinent pre-~-test and post-test Test Device condi-
tions are given 1in Tables 4-1 through 4-7. Pre-test and post-test
views of crash configurations are shown in Figures 4-1 and 4-2 for
fixed Test Device tests and i1n Figqures 4-3 and 4-4 for moving 7Test

Device tests.

Test weights for each vehicle were determined by weilighing each
wheel of the car to obtain a total weight. The vehicle was then ro-

tated 180 degrees and the weighing procedure repeated to obtain an

average weight for the vehicle.

Compartment and engine acceleration was determined by an aver-

aging of accelerometers located near the B-pillar of the vehicle and

Llha +mrm armA b e A fF bl e a oA -1 ~~L I o ~ =11
vilc LUP allu puLuLOuid vl Lilic CLLKJJ.LLC WI1IUULUNKN ot I LYyurL L] .

w

Maximum mutual dynamic crush data, as well as the chronology of

events for each vehicle, were determined by high-speed film analysis.
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inches of honeycomb crush from the maximum mutual dynamic crusn for

each test.

In the fixed Test Device test, the Plymouth impacted the alumi-

num honeycomb modules at a speed of 40.7 mph, causing approximately
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+ [=]
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Plymouth was -6.7 mph, giving a total velocity change of 47.4 mph.
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TABLE 4-1.

CRASH TEST SUMMARY

Test No. 3 4

Test Date May 9, 1978 May 16, 1978

Time 1000 1422

Temperature 83°F 88°F

Test Configuratiocon Front-to-Front Front-to-Front
Head-on Head-on

Vehicle A 1975 Ford Torino 1975 Ford Toraino

Vehicle B Fixed Test Device Moving Test Device

VEHICLE A DATA

Test Weight by Wheel (lb) LF-1284 RF-1277 LF-1290 RF-1243

LR-991 RR-998 LR-1017 RR-1000
Total Weight (1lb) 4550 4550

Longitudinal C.G.

(from center of front axle)

(1n.) 51.6 52.3

Impact Angle (deg)?* 0 0

Offset Distance (an.) 0 0

Impact Velocity (mph)** 40.52 59,10

OCCUPANTS

Type Part 572 Alderson Part 572 Alderson

Locations LF (driver) - LF (draiver) -
Serial No. 759 Serial Nu. 759
RF (pass nger) - RF (passenger) -
Serial No. 760 Serial Nn. 760

Restraints Standard pioduc- Standard produc-

tion lap/shoulder
belt

tion lap/shoulder
belt

INSTRUMENTATION

Vehicle A - 41
Vehicle B - 48

Number of Data Channels

Vehicle A - 41
Vehicle B - 53

Number of Cameras 7

7

*With respect to tow track ce.terline facing fixe” barrier.

**Closing speed using speed trap measurement.
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TABLE 4-2.

SUMMARY OF CAR TEST DATA

VEHICLE: 1975 Plymouth Fury 4-door Sedan
Test 7 Test &
(Fi1xed Test (Moving Test
Vehicle Parameter Device) Device)
Car Test Weight (1lb) 4439 4444
Overall Vehicle Length/Width
(1n.) 218.1/77.7 218.2/77.7
Car Speed (mph) 40.7 29.0
Final Speed (mph @ msec) -6.7 @ 179 -2.6 @ 132
Coefficient of Restitution 0.16 0.10
Velocity Change (mph @ msec) 47.4 @ 179 31.6 @ 132
Maximum Compartment Acceleration
(G @ msec) -31.1 @ 78 -29.2 @ 20
Maximum Engine Acceleration
(G @ msec) -74.3 @ 52 ~-124.7 @ 10
Maximum Dynamic Crush (in.) 38.9 (F) 34.2 (F)
Maximum Static Crush
e Hood Level (in.) 24.9 25.8
® Between Bumper/Hood (in.) 27.5 26.7
e Bumper Level (in.) 25.2 25.3
Maximum Post-test Intrusion (1in.) 12.1 3.7
Maximum Mutual Dynamic Crush
(1n.) 44 .9 (F) 40.2 (F)
Maximum Individual Load Cell
Force (klb @ msec)*** 11.3 @ 87 (B5) 15.4 @ 45 (B6)
Maximum Total Load Cell Force
(klb @ msec)*** 77.7 ? 34 98.4 @ 23
Normalized Maximum Force* (lb/lb) 17.5 21.1
Vehicle Damage Index** 12FCAWY 12FCAW9

(F) = Film Data

*Maximum total load cell force/car test weight.
**Refer to SAE J224A.
***Some load may have been lost due to load cell contact with
Lower loads in
Test 7 also attributable to failure of bolt holding Row B

backing plate

beam,

(see Figures 4-32 and 4-33).
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TABLE 4-3.

SUMMARY OF PRE-TEST ENGINE/BUMPER/
FIREWALL CHARACTERISTICS

Test No.

7 8

Type of Test

Fixed Test Device Moving Test Device

Impact Velocity

(Closing, mph) 40.73 58. 0.

Engine Size (CI1D) 318 ' 3i8 h
;nglne Weight* (1b) 666 666

énglne Height/Width -

(1n.) 13.9/25.2 13.9/25.2

Bumper to Engine (in.) 35.5 35.5

Engine Length (in.) 24.0 24 0

Engine to Firewall (in.) 4 0 ;TO

Bumper to Firewall (in.) 63.5 ‘”‘g;.S

Bumper to "Hard Point" D
(1n.) 30.0 30.0

*Total dressed engine weight dry.

TABLE 4-4.

SUMMARY OF PRE-TEST DUMMY POSITION

DATA CHARACTERISTICS

Seat Range (in.)

Seat Position* (in.)

Front Seat to Firewall

(1n.)

Forehead to Windshield

(1n.)

Torso to Steeraing
Wheel** t1in.)

Left/Right Knee to
Dash Panel {in.)

Test 7 Test 8
Fixed Test Device Moving Test Device
Left Right Left Right
Front Front Front Front
Occupant Occupant Occupant Cc cupant
5.5 5.5 5.4 5.5
2.7 2.7 2.7 2.7
25.6 27.0 27.2 27.9
20.3 13.3 20.5 19.3
12.0 21.0 12.8 21.8
6.3/6.3 7.0/7.0 L RS

8.3/9.0

*From rearmost position to midpolint.
**To dash panel for right front passenger
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TABLE 4-5. SUMMARY OF POST-TEST OBSERVATIONS

VEHICLE: 1975 Plymouth Fury 4-door Sedan

Test No. 7 (Fixed Test Device)

Dummy Contact Points: Left Front Right Front
Head--—-=--=-==m=cec—-—- Dash Panel Dash Panel
Chest-===-=—==—=cmmcm- Steering Wheel None
Knees----===-meec—c--- Knee Bolsters Glove Compartment

Glazing: Cracked and 90% retained.

Doors: Required tools to open all doors.

Seat Belt Anchorages: Okay

Restraints: Okay

Fuel Leakage: None

General Observations: Hood latch failed. Radiator leakage.

Steering wheel rotated downward. Modules Dl and D10 were

sheared off by car at impact. Row B beam separated from test

fixture. Row C and D attach bolts bent upwards from impact.

Rear of vehicle rotated 2 inches counterclockwise. Vehicle re-

bound was 39 inches from impact location. Front bumper rotated

downward,
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TABLE 4-5. SUMMARY OF POST-TEST OBSERVATIONS (CONTD)

VEHICLE: 1975 Plymouth Fury 4-door Sedan

Test No. 8 (Moving Test Device)

Dummy Contact Points: Left Front Right Front
Head—==—=———-m————mmem e Barely Touched Dash pash Panel
Panel
Chest-----=-=—mvcceu- Steering Wheel None
Knees---—===~—=———wcwe- Knee Bolsters Glove Compartment

Glazing: Small crack in windshield and 98% retained.

bDoors: Front dcoors required tools to open.

Seat Belt Anchorages: Okay

Restraints: Okay

Fuel Leakage: None

General Observations: Hood latch fajrled. Radiator leakage.

Steering wheel rotated downward. Modules D1, D9, (10, and Bl0

sheared off by car at impact. No rotation of vehicle. Vehicle

left at impact point. Vehicle pusined Test Device back 23.3 feet

from i1mpact point.
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TABLE 4-6. INJURY CRITERIA SUMMARY

Occupant Position Left Front Right Front

TEST 7 (FIXED TEST DEVICE)

HIC 1695 @ 83-120 1759 @ 99-117
Head G* @ msec 93.9 @ 95 121.6 @ 109
CSI 749 @ 200 656 @ 200
Chest G* @ msec 73.1 @ 89 64.8 @ 115
Femur Load (1lb) Left Right Left Riglt
~265 -1465 -864 -741
RSD (in.)*¥* Pre Post Pre Post
8.9 9.7 10.6 6.6
TEST 8 (MOVING TEST DEVICE)
HIC 949 @ 76-123 1125 @ 98-111
Head G* @ msec 68.7 @ 107 107.4 @ 103
CsI 394 @ 200 284 @ 200
Chest G* @ msec 55.8 @ 77 37.4 @ 114

Femur Load (1b)

Left Right

Left Right

~-494 -924 -670 -756
RSD (1in.)*»* Pre Post Pre Post
B.0 9.6 7.3 9.1

*3-msec clip.

**RSD computed with 7-msec time shift to correct for honeycomb
crush of Test Device.
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TABLE 4-7. CHRONOLOGY OF CRASH EVENTS

VEHICLE: 1975 Plymouth Fury 4-door Sedan
Time
(msec) Test 7 - Fixed Test Device Event
0 Impact (visual)
15 Hood begins to buckle
50 Damage to Rows B, C, and D of Test Device begins
64 Hood hits barrier wall
73 Roof begins to buckle
75 Dash begins to move 1nto passenger compartment
82 Driver contacts steering wheel with chin
96 Passenger contacts dash with nose
97 Draver contacts dash with forehead
108 Maximum mutual dynamic crush (44.87 an.)
117 Passenger and driver forward motion stops
119 Rows B, C, and D of Test Device damaged
130 Rear wheels leave ground
208 Driver recontacts headrest
259 Vehicles separate
279 Maximum vehicle inclinaticn 9.4°
366 Passenger rearward motion stops
408 Rear wheels recontact ground
Time
(msec) Test 8 - Moving Test Device Event
0 Impact (visual)
11 Hood begins to buckle
70 Roof begins to buckle
87 Maximum mutual dynamic crush (40.22 in.)
95 Passenger contacts dash with face
96 Draiver forward motion stops
107 Maximum vehicle inclination 3.0°
110 Passenger forward motion stops
202 Vehicles separate
251 Driver recontacts headrest




Figure 4-1. Pre-test Vehicle Configuratien - Test 7.

Figure 4-2. ~Post-test Vehicle Configuration - Taest 7.
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Figure 4-3. Pre-test Vehicle Configuration - Test 8.

849861

NOTE: TEST DEVICE PUSHED BACEK BY CAR APPROXIMATELY 23 FEET.

Figure 4-4. Post-test Vehicle Configuration - Test 8.
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The maximum dynamic crush on the car was 38.9 inches at 108
milliseconds with a pitch angle of 9.4 dearees. Rebouund of the fly-
mouth off the face ¢f the Test Device c2usea Lle¢ rear _7 tho ca to
rotate approximately 2 1inches counterclockwise frcm the barrier cen-
terline. Rebound of the Plymouth fiomr the init.al :npact point was
39 1nches. The rixed Test Device struc Lure was dareged due to tre
geometric agyressiveness of the Plym» .h bunver, ant failure of the
attachment bolts of the vercical memrer. The extent of this damege,

and resulting modifications will be discus-ed later .n tlais report.

4.1.2 Moving Test Device lest

In the moving lest Jevice te t, the P1 orin impactaed *he

aluminum honeycomb uosiul at a closirg s ecil of "o mp., causing
approximately, 2o.l 1nches of static crush o 1. veoac! the
final speed of the Plymouth was -Z.b ~ph. Tue finzl - 21 >f th.
Test Device was ~3.0 apn, ndicatlr iy fne lest Devie  wi ushed
backwards by the car after 1mact du~ *o *he 3t . 2 was '3
pounds heavier than the Test (evice. ‘Ipc tetal velne t ciange

to the car was 31.6 mph. The maximum avn-=m ~ rush on {he car was

40.2 1inches at 37 millaiseco.ds ai1d 31 pIrtoers a” o . 3 1) lecrees
Movaing Te-t L+ ricr +tests conduccs R 1. Lo L have
been adjusted to give similir chiage mo« w=ra 0T L a COM=
parable fixed Test Device tests. Upon iipaict, the Plymoutn re-
mained close to the direa of i1npact whute e cat e 12> vas

pushed backwards, stopping 23.3 fecet from th: car. There was ro
rotation of either vehicle and no damage to tae Test Device strac-

ture.

Vehicle data, 1includia al. pre-tosc a2l pest Lest Measure-

ments and summaries of venicle accelaercmesor di~, 312 115003060

1in Section 4.2. Test ovevice data, 'acludy 1 5> mmir. s of 1sad
cell, string potcntiometer, acCsy..rome or, .Ir- tawje dat i, ard
honeycomb crush prof.les, ere discis-¢ 1 r ecfini 4.3, Gecupant

response data (- dls_issSed 1n Sectl 1 4. -,
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4.2 VEHICLE STRUCTURAL RESPONSE

This section of the report proc.ents data on the Plymouth's
structural response to the collision with the fixked and moving
Test Devices. This includes prc-test and post-test measurements
made at selected locations on the vehicle, steering wheel! dais-
placements, vehicle exterior and intericr profiles, and acceler-

ometer data.

Static crush measurements of the Plymouth for both fixed
and moving Test Device tests are shcwn in Table 4-8. Pre-test
and post-test bumper match—-ups are shown 1in Figqures 4-5 through
4-8. In both tests, the car deformed uniformly with the flat
surface of the Test Devi~e. Since the clusing speed for the
moving Test Device test was selected to give the same change 1n
energy (AE), most of the crush measurements were very similir
for both tests. In both tests, the hood latch or the PPlymouth
failed, which did not allow the hood to aid in resisting the

structural crush of the car.

Exterior profiles are given in Tables 4-9 anc 4-10. Measure-
ments for the frontal exter or rrotile of the Plvmouth were made
at three levels: the hood lcv. 1, the bumper level, and a level
between the hood and bumper level. 1In Test 7, the burper of the
Plymouth rotated down slightly {rom the force causcd by the im-
pact, while in Test 8, the bumper chowed ro rotat nn. The cars
used 1n both tests contained bumper guards which ware highly re-
sponsible for concencrated loads tc be recorded vy the load cells.
In both tests the f:rontal ¢ i1sh wais fairly fZlat across the face

of the cars.

Vehicle interior intrusion profiles an? siccring wheel dis-
placement values are giverr i, Tabies 4-11 throvoch 4-1+. Compart-
ment intru<ion 1s shown .n Figures 4-9 throush 4-12. TIn both
tests, the dash panel reo1i1ned artached to the *rame 2f the car,

but elongation of the secat b.olt allowed the o.cupants to come
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r TABLE 4-8,

PRE- AND POST-TEST DIMENSION MEASUREMENTS

805073405

[

VEHICLE 1975 Plymouth Fury 4-door sedan
(Fixed Test Device Test) (Moving Test Device Test)
Test 7 Test 8

Pre-test Post-test Difference Pre-Test Post-test Difference

LS RS LS RS LS RS LS RS LS RS LS RS
A 117.9 117.7 113.2 113.2 4.7 4.5 117.4 117.3 113.5 113.8 3.8 3.5
B 45.0 45.3 24.4 24.4 20.6 20.9 45.7 45.6 23.1 23,1 22.6 22,5
c 55.1 55.2 54.9 54.9 0.2 0.3 55.2 55.2 55.5 55.2 -0.3 0.0
D 218.0 218.2 192.5 192.5 25.5 25.7 218.3 218.1 192.1 192.1 26.2 6.0
I 36.9 36.9 35.6 35.8 1.3 1.1 37.0 36.9 36.4 36.5 0.6 0.4
G 103.3 103.2 103.6¢ 103.4 -0.3 -0.2 103.5 103.5 103.4 103.4 0.1 0.1
L 120.9 121.5 124.5 124.2 -3,6 =-2.7 121.4 121.7 121.4 121.3 0.0 0.4
M 138.9 138.8 138.4 138.3 0.5 0.5 139.5 140.0 138.9 139.1 0.6 0.9
N 23.9 23.8 24.0 24.0 -0.1 =-0.2 24.7 24.7 24.7 24.6 0.0 0.1
0 53.0 52.7 51.7 51.6 1.3 1.1 53.5 53.¢% 52.7 52.6 0.8 0.9
P 33.6 33.0 34.9 38.0 -1.3 -5.0 32.1 32.¢ 35.5 34.5 -3.4 -2.5
Q 15.7 15.3 11.8 10.3 3.9 5.0 16.0 15.9% 14.5 14.4 1.5 1.5
R 15.6 15.3 12.5 11.0 3.1 4.3 15.6 15.5 13.9 13.9 1.7 1.6
Z 77.8 78.1 53.3 53.3 24.5 24.8 77.8 77.7 52.3 52.2 25.5 25.5

NOTE: ALL MEASUREMENTS IN INCHES.
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Figure 4-5, Pra=-test Bumper Match - Teat 7.

e |
5

Pigure 4-6. Pobt-test Bumper Matech - Test
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Figure 4=-7. FPFra-test Bumper Match - Test B.
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Figure 4-8. Post-test Bumper Match - Test 8.
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TABLE 4-13. STEERING WHEEL DISPLACEMENT VALUES

VEHICLE: 1975 Plymouth Fury

Displacement (in.)

Test 7 Test 8
Wheel (Fixed Test Device) (Moving Test Device)
Location _X* Y* Z* X* y* _Z*
Top -2.1 -0.1 -10.6 -3.1 ~-0.5 -2.1
Hub -1.1 ~0.1 -7.9 -2.2 -0.5 -1.8
Bottom -1.5 -0.0 -7.9 ~-2.4 -0.5 -2.1

*Reference for X, Y, Z measurements are the rear bumper
(+ forward), vehicle centerline (+ right), and ground level
(+ up), respectively.

into contact with the dash area. This caused large pualses to be
seen by the occupant head accelecrometers. In Test No. 8, the
steering wheel rim was not bent by the left front occupant, re-
sulting 1in smaller crash pulses to be seen on data from the

driver's chest.

A summary of Plymouth accelerometer and string potentiometer
data for both tests is given in Tables 4-14 through 4-19. Refer
to Figure 3-1 for their locations in the vehicle. Compartment
accelerometers and engine accelerometers were averaged to obtain
a more representative picture of what was occurriny at thd-e lo-
cations. String potentiometer data was used to measure firewall
intrusion in the occupant compartment. However, 1if the peak in-
trusion does not occur at the location where the measurement -as
taken, the readings could be low compared to the post-test static

measurements.

In both tests, since the amount of crush was high, rotation
of firewall and engine accelerometers (Nos. 4, 6, and 92) occurred,
giving erroneous velocitv and di-placrment peaks. Ir Test 8, the

lower engine accelerometer (lccacirn i was lost due *o a cut
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Figure 4-9. Post-test Driver Compartment - Test 7.

ost-test Driver Compartment - Test 8.
4H




Figure 4-11.

Post-test Passenger Compartment = Test 7.

Figure 4-12.

Post—-test

FPas=enger Compartment - Test 8.
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TABLE 4-14.

SUMMARY OF CAR ACCELEROMETLR
FOR FIXED TEST DEVICE TEST 7

DATA

Maximum Minimum Maximum
Acceleration Velccity Displacement
Accelerometer A Time \Y Time S Time
Number (G) (msec) (mph) {(msec) (in.) (msec)
1X -35.52 39 -6.25 178 +47. 32 111
12 +31.06 47 ~-C.07 Lo +7.84 200
2X -33.31 23 -7.36 168 +46.18 109
22 +19.60 63 ~0.02 8 +9.48 200
3X -55.77 58 -8.16 181 +47.05 110
3z -26.08 83 -2.68 107 +1.14 200
4x ~-93.66 61 +7.65* 200 +66.39% 200
4z -53.04 55 -3.93 182 +1.66 86
5X -80. 34 57 +6.89% 144 +63,07% 200
52 +32.09 103 -0.89 37 +21.736 204
6X -92.37 52 -4.21 65 +31.00* 55
7X -64.20 36 -2 54 179 +45.04 135
8X -48.09 70 -3.56 18¢€ +46.09 134
8Y -27.39 50 -3.40 291 7.00 10
82 +44.48 57 -5.16 176 +2.01 81
9X -59.61 45 -3,09 179 +41.82* 128

See Figure 3-1 for definition of acce.crometer numbFrs.

*Data questionable

because of rotation of accelerometer.

TABLE 4-15.

SUMMARY OF CAKR
DATA FCR FIXED

HDCCLLEROML Ty ¥
TFST DEVICE TEST 7

AJERACED

Maximur Monaram Ma ximum

_Accelerction Velocity Displacement
Accelerometer A lime \Y Iine 5 Time
___ Number {(G) {fmsec) (mph) {n ec’  (ain.) imsec)
Average of 1X
and 2X -21.07 78 -6 73 1 3 15.75 1193
Average of 6X
and 9X -74.°7 5c 2.8 Co 30.60 124

5
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TABLE 4-16.

SUMMARY OF CAR ACCELEROMETEFR DATA

FOR MOVING TEST DEVICE TFST 8
Maximum Minimun Maximun
Acceleration __Velocaity = _oisplacement
Accelerometer A Time \ Time S Time
Number (G) (msec)  (mp ) (usec)  {(ain.) {msec)
1% -26.9%4 37 -1.70G 130 +27.20 103
12 27.34 15 -0.1! 5 +4.27 200
2X -31.81 20 ~3.F Lo 424 12 93
22 -28.27 59 ~2.63 111 +2,08 80
3X -51.79 19 -4.10 123 +24.87 93
3Z +33.56 57 -1.45 26 +2.01 200
4X -65.27 96 +4.5n0* 137 +39.82%* 200
4z -83.49 44 -8 4] +1.99 70
5% +74.0_ 53 +8.22* 174 +54.65% 200
52 +17.95 <5 -0.23 2o +15.37 200
6X -124.73 10 -11.3" 43 +18.1 200
7X -121.92** 57 17,073%% 69 1133.76** 200
8X -45.17 38 -0.58 137 28.73 200
8Y +34.61 >4 -6.91 27 t9.37 200
BZ +60.75 / ~4.08 4 POL LG 34
9X -129.68** 68 ~166.15** 200 +17.86%% A5
See Figure 3-1 for definition o acreleror rer numbers.
*Questionable data due Lo rotation ¢ ac.¢leiometer.
**Data system failure.
TABLE 4-17. SUMMARY OF AP ACC LrhosdnL TR AVERAGED
DATA FOR MOVING T} &7 DEVICE TEST 8
Ma w1 mumr M noaanmm Ma £ 1 mum
Acceleration vr locity Displacement
Accelerometer A L me ) Time S Time
Number (&) (msec A{mpry; {msec;  (in.) (msec)
Average of 1X
and 2X
(Compartment) -29,23 20 -..59 132 25.61 98
Average of 6X
and 9X
(Engaine) -104.44%* 40 R 200 17.42% 42

*Data system failure.
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TABLE 4-18. SUMMARY OF CAR STRING POTENTI-
OMETER DATA FOR FIXED TEST
DEVICE TEST 7

Maximum Dynamic

Displacement Displacement
Potentiometer .
D Time
(Number) (Location) (1n.) (msec)
SP7 Firewall 4.9 106

TABLE 4-19. SUMMARY OF CAR STRING POTENTI-
OMETER DATA FOR MOVING TEST
DEVICE TEST 8

Maximum Dynamic

Displacement Displacement

Potentiometer D T1me

(Number) (Location) (1n.) (msec)

SP7 Firewall Data System
Failure

cable. Data used in analysis used only data from the upper engine

accelerometer (location 6). In addition, data from the acceler-
ometer located on the vehicle front crossmember (location 7) was

lost, also due to instrumentation failure during impact.

4.3 TEST DEVICE SUMMARY

This section of the report presents a summary of data gath-
ered from the fixed and moving Test Devices. This includes sum-
maries of load cell, string potentiometer, strain gauge, and
accelerometer data, and post-test honeycomb profiles for bota

fixed and moving Test Device tests.

Post~test Test Device configurations for fixed and moving
Test Device tests are shown 1n Figures 4-13 and 4-14.
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Figure 4-13. Post-test Fixed Test Device Configuration - Test 7.

L
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' ."‘.'lIJ
.
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Figure 4-14. Post-test Movling Test Device Configuration - Test 8.
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A summary of peak values of load cell data 1s shown 1n Table
4-20 for Test 7 and Table 4-21 for Test 8. These were the maximum
measured forces for each load cell along with 1ts corresponding
time recorded during the event. Tables 4-22 and 4-23 present a
summary of grouped load cell data for each test. The front face
of the Test Device was divided 1into si1x areas of loading. Thcse
data show which areas of the car tended to be more aggressive.
Load cell forces for individual load cells are shown 1n Figures
4-15 through 4-22., These plots also show the relative lateral
symmetry of car data recorded with the Test Device face. Some
loads may have been lost during the period 25-50 msec in Test 7
and 24-40 msec 1n Test 8, due to load cell cort:ct with the

backing plate (B5, B6, B9).

A load cell distribution at selected time intervals for the
car/Test Device interface for each test 1s shown (n :igures 4-/23
through 4-28. These values are shown for forces over 1,000 pounds
at a particular time segment. Any location with a valae below
1,000 pounds was not considered an aggress.ve wart o* the car at
that particular time frame. Calcomp plots of all load cell data
by columns and grouped load cell summations a.: st _wn 1n Appendilx

B for Test 7 and Appendix C for Test 8,

In the fixed Test Device test, the maximum total 1oad cell
force was 77,740 pounds at 34 msec after 1mpacr and trhe r ximum
individual load cell force recorded wes 11,300 priris on moiule B

at 87 msec,

The fixed Test Device structure was dama:> 1 wren the bumper

of the car wedged between Rows B and (. Tt~ ‘ragsed _ne aluminum
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TABLE 4-22. SUMMARY OF GROUPED LOAD CELL DATA - TEST 7

Right Saide Center of Left Saide
Parameter of Car ___Car of Car

Load Cells (No.) D8 - DO & D4 - D7 & Dl - D3 &

c8 - Clo C4 - C7 Cl - C3
Force (klb) 14.59 15.37 14.82
Time (msec) 35 54 36
Load Cells (No.) B8 - Bl0O & B4 - B7 & Bl - B3 &

A8 - AlD A4 - A7 Al - A3
Force (klb) 13.01 30.24 9.39
Time (msec) 30 67 48

TABLE 4-23. SUMMARY OF GROUPEyD LOAD CUIY, DATA - TEST 8

Right Side Center of Left Saide
Parameter of Car ___Car _of Car

Load Cells (No.} D8 - D10 & D4 - D7 & Dl - D3 &

Cc8 - Cl0 c4 - C7 Ccl - C3
Force (k1b) 15.48 12.71 20.99
Time (msec) 26 39 27
Load Cells (No.) B3 - Bl0 & B4 - B7 & Bl - B3 &

A8 - AlO A4 - A7 Al - A3
Force (klb) 12.95 43.14 14.16
Time (msec) 23 35 23

plates of the Test Device to undergc high torqguing fources which
overstressed the attachment bolts nolding the horizontal beams to
the vertical member of the Test Device (see Figure 4-6). Post-
test 1nspection of the Test Device fixture showed the 5/8-1nch
grade nine attachment bolts of Row B pulied completely ~»ut nf the
vertical member. Attachment bolts on Rows C and D were bent up-

ward due to the fallure of Row B. The aggressive areas of the
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car appeared to be the bumper/engine area, bumper guards, hood
line, and outer edges of the front of the car. Loads measured
were not all recorded due to bottoming out of some Row B mounting

plates, and load lost i1n damaging the Test Device Structure.

For the moving Test Device test, the total load cell force
was 98,370 pounds* at 23 msec after impact and the maximum
individual load cell force recorded was 15,400 pounds on module B6
at 45 msec., Due to the damage done to the fixed Test Device
structure, modifications were made to the moving Test Device to
aid i1n strengthening i1ts structure. This consisted of the
following modifications done before Test 8:

® Welding 4" x 4" x 1/4" steel plate to back of horizontal
beams at the point of attachment to the vertical beam to
prevent vertical rotation.

] BOltlnﬂ on to front of the four horizontal beams a
25-3/4" x 2-1/2" x 1/4" vertical stiffener to each side
of the Test Device to prevent vertical rotation.

® Redrilling and tapping the vertical beam on the Test
Device from 5/8" to 3/4" to give the attachment bolts
more thread support.

® Due to localized bending of the material behind two of

the load cells on Row B horizontal beam, the beam was
exchanged with the Row A horizontal beam and reattached.

Accelerometer data recorded from the moving Test Device are
given 1n Table 4-24. Accelerometers were located on the right and
left frame members of the Test Device and were averaged to give
acceleration, velocity, and displacement curves for the Test
Device. These data were used 1n comparing the total force from
both load cell and accelerometer data for both tests, which are

presented i1n Tables 4-25 and 4-26.

*The actual force may have reached 158,000 pounds (see Figure
4-33).

72



TABLE 4-24. SUMMARY OF MOVING TEST DEVICE ACCFLERNMFTER DATA

Maximum Minimum Maximum

_Acceleration ~Velocaty _ _tgplacement
Accelerometer A Time \% Time S T1ime
___Number (G) (rsec)  (aph)  fmsec)  (in.)  (msec)
AlR -39.4 40 -3.4 119 13.2 81
A2L -39.8 38 -2.3 114 8.2 86
Average of AlR
and A2L -39.4 39 -2.0 116 18.2 33

TABLE 4-25. COMPARISON OF TOTAL FORCE FROM LO2AD CELL AND
ACCELEROMETER DATA FIXES TESU DEVICL

LN
Fixed Test v ce Engine/Car
Test Device Accelerc ti1on Acceleration
Parameter Force Data* __Lata** Deta*x**
Force (lb) 77,140 N/A 150,309
Time (msec) R 39
*Sum of 40 load cells.
**Average of Test Device accel rowmet.rs ' 11 2 tines Test Do
vice weight.
***Ayverage of car accelerometers | and 2 tirre i1 welaght pluas
average of engine acceleromer e £ ard > 1 nes Cajii¢ weight

TABLE 4-26. COMPARISON OF TOTA. FORCu FROY LOAD CELL A.D
ACCELEROMETER DATH ~ MOVINC TEST DEVICE

Moving
Moving I st Deic Lngine/Car
Test Device A (o lerotion Accel ration
Parameter Force Data® Data** _ batar*r
Force (1b) 98,370 153,050 140,800
Time (msec) 23 19 37

*Sum of 40 lcad cells.
**Average of Test Device a.ccleromet:r, vV and 2 times Test Dc

vice Weight. ’
***pverage of car accelernrete 1 nd 2 rowes car weight plus

average of engine accelsrromotors ¢ 103 9 timec e..gine weight.
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String potentiometer and strain gauge data for each test are
presented 1n Tables 4-27 through 4-30. String potentiometers were
placed at selected locations on the Test Device to measure dynamic
crush of the honeycomb. The displacement measured on the honey-
comb 1s an 1ndication of the dynamic crush at the particular point
on the honeycomb modules, 1n all cases, the center of the module.
Since the vehicle striking the honeycomb 1s not a uniformly flat

surface, the crush measurement at the center of the module 1s not

TABLE 4-27. SUMMARY OF FIXED TEST DEVICE
STRING POTENTIOMETER DATA

Maximum Dynamic

Displacement Displacement
Potentiometer D Time
(Number) (in.) (msec)
Individual Units
e SPl @ A3 0.2 3
® SP2 @ ASB 1.9%* 46
® SP3 @ BS 2.3 31
® SP4 @ B6 3.1 106
e SP5 @ C2 3.2 49
® SP6 @ C9 1.2 38

*Questionable Data.
**Tnstrumentation Failnure.

TABLE 4-28. SUMMARY OF FIXED TEST DEVICE STRAIN GAUGE DATA

Maximum Maximum Maximum
Strain Gauge Strain Stress Time
(Number) (Location) (uin./in.) (psi)* (msec)
SG1 Front Beam (B) 2477 74,310 32
SG2 Front Beam (C) 528 15,840 52

*Stress = strain x E (E = 30 x 106 for steel).
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TABLE 4-29. SUMMARY OF MOVING TEST DFVICE
STRING POTENTIOMETER DATA

Maximum Dynramic

Displacement Displacement
Potentiometer D Time
(Number) {(1n.) (msec)
Individual Units
® SPl @ A3 1.8* 93
e SP2 @ AS8 0.5 89
e SP3 @ BS 5.0 80
® SP4 @ B6 3.2 112
® SP5 & C2 1.5 25
e SP6 @ C9 1.0 47

*Questionable data.

TABLE 4-30. SUMMARY OF MOVING TFST DEVICE STRAIN GAUGE DATA

Strain Gauge MuaxXimam Maxinum M. vyimum
d ttrain Stress Time

(Number) (Location) (Lain./11.) (pc2)* _(msec)
SG1 Pront Beam 2538 75,800 39
SG2 Front Beam 255 7,650 17
5G3 Frame Rail ~-282 -8,400 30

30 x 10% for stcel).

*Stress = strain x E (E
**Ouestionable data.

necessarily a true indication of crush to the remcinder of tre
aluminum honeycomb Strain gauge data was used to sce how tynical
loads would affect key structural members of the Test Device,
Figure 4-29 shows tyvical strain gauge curves for the mo-t highly
stressed member. The maximum allowable (vield) <ty 1in waw L350
pin./1n., which 1s quite adequate for the strain daca rec rde i for

this test.
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The aluminum honeycomb crush profiles for fixed and moving
Test Device tests are presented in Tables 4-31 and 4-32. Refer to
Figures 4-13 and 4-14 for a view of the pcost~-test confiquration of

PR |

the honeycomb. 1In Test 7, since the horizontal beams which the

v
T
(as
'}
9
by
D
n
-+
L)
o]
r{

aluminum honeveoomi O were de
aluminum honevycor LO were dge

med, the entire load

transmitted by th

[

Plymouth was not reflected i1n the crush of the
honeycomb. Modules D1 and D10 were sheared off the Test Device
face by the car on 1mpact. In Test 8, crush of the honeycomb was
more consistent to what should have been observed i1n Test 7,
Modules D1, D9, Bl0, and Cl0 were sheared off by the car on 1m-

pact. In both tests, the main areas responsible for crush were

ol 2 P | R Y= oY Lo oy s e ity iy e o A | | T v~ ~ AT o BN Eoomom e b P DA
LT DUIpTL /iy LT, DUliipcL Yuaruo, noowuQg LALLMl , allla el LLpOurto uyges
of each fender near the headlights,.

A comparison of aynami~ citush {rom accelerometer data and
film analysis 1s shown 1n Fijures 4-30 and 4-37. Since the ve-
hicle does not act as a rigid body during the test, and vehicle
accelerometer data 1s only repte- 3entaitive of ore location in an
elastic body (at the B-pillar of th «car), this data tends to be

h Mha A

rancicarantlg hiahay $#han +hoa A+ Ffryoam F 1m analocr o ~ o
LWIiOo 40 LTl L L Ild\qil'T L wiiqaati vl udg L a P R 31 4 L 4 Il Qlii1a i D4 D e L1 uaila
from f1lm analysis 1s considered more accurate since a visual mea-

surement of crush versus time i1s taken.

Total load cell force data ana calculated 1nertiu force from
accelerometer dats are shown 1n Fiaurce 4-32 for Tect 7 zani Pigure

4-33 for Test 8. Since the ftixed Test Device 1s not 1nstrumented

e A Lo PR [ A Ty e PR P L S £ o o~ PP, PR B R R P — A L
WillLll allccoliveioimeLer ™, L il Lia I OL Le wWdo Lall uldar &0 WU~ 1 c Li'e
car data, namely, the reh.cle'es averaned accelerore ey Jdat 1 along
with 1ts test welght. In thi1s case, the engine and car mas., wereo

considered as separate masses, s:ince tpelr dynamics daring the
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event are different. The total inertia force was calculated by
using F = ma for the engine and car mass separately, and adding
the two together. 1In the moving Test Device test, the 1nertia
force can also be calculated using accelerometer data from the
Test Device. In this case, the Test Device test 1s considered a
rigld body. Figqgure 4-34 shows the load cell force-deflection
characteristics for both tests. The vehicle rate of stiffness as

load 1s applied 1s given 1in Table 4-33,

Car 1nterior intrusion 1s plotted against exterior dynamic
crush of the vehicle 1in Figqures 4-35 through 4-37, Dynamic
interior crush was measured by means of a string potentiometer
located along the centerline of the vehicle. A difficulty some-
times occurs during impact when outside i1nfluences interfere with
the displacement of the string potentiometer, causing misleadingy

data.

A crash pulse may be monitored on the Test Device face to
determine the "hard" points on the vehicle. Figures 4-38 and 4-39
show where on the Test Device face the centroid of the total load

cell force was acting, as a function of time.
4.4 OCCUPANT KINEMATICS

This section of the report presents the results of dummy re-
sponse during peak values for each occupant's head, chest, and

femur, restraint survival distance, and restraint system

summarlies.
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COLUMN LOCATION
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In evaluating occupant response data, 1t must be rememberec
that, because of the high crash speeds, pulses measured by each
occupant are very high and may exceed FMVSS 208 Standards. Fig-
ures 4-40 through 4-47 show pre-test and post-test configuratiors
of the occupant for each test., A summary of occupant response
data 1s presented 1n Table 4-34 with restraint system data pre-

sented 1n Table 4-35.

In both tests, the left front occupant's head and chest made
contact with the steering wheel and dash panel. Compartment 1n--
trusion 1n the Plymouth was less than 1n previous tests, resulting
in lower occupant responses. The driver's head i1n Test 7 had a
maximum displacement relative to ground of 84.4 inches at t = 200
msec, while 1n Test 8, the maximum displacement was 50.8 at t = 120
msec. Post-test observations showed the driver femurs both mads
contact with the knee bolsters, causing damage to that area. In
both tests, the driver's chest struck the steering wheel hub,
which showed little sign of yielding and caused high acceleration

values to appear.

The right front passenger's head in the Plymouth made contact
with the dash panel. Post-test observations showed that the knees
struck the glove compartment area, leaving signs of deformation to
that area. The occupant compartment i1n both tests showed some
signs of intrusion, but 1t was less severe than 1n other tests,
The passenger's chest loads were mainly caused by the shoulder
belt restraint system. No visible contact was made with the

passenger's chest 1n the occupant compartment.
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Figure 4-40. Pre-test Driver Position - Test 7.

Tigure 4-41. Post—-test DNriver Position - Test 7.




Figure 4-42. Pre-test Passenger Position - Test 7.

Figure 4-43. Post-tast Passenger Position - Test 7.
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Figure 4-44. Pre-test Driver Fesitiom Test 8.

Figure 4-45. Post-test Driver Position - Test .
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TABLE 4-34. OCCUPANT RESPONSE DAYA SUMMARY

VEHICLE: 1975 Plymouth Fury

Test 7 Test B
(Fixed Test Device) L (Moving Test Device)
Left Front Right Front Left Fiont Right Front
Occupant Occupant ~ ~~ Occupant  Occupant
Maximum Max imum Maximum Maximum
Value T Value T Value r Valve T
(G) (msec) (G) (msec) (G (msec) (G) (msec)
Head
X -80.5 101 -117 7 101 -59.1 107 -99.7 105
Y +22.8 89 +60.8 101 -16.5 109 +55.7 105
Z +103.8 101 +75.3 1027 +78.8 91 +73.0 101
R* 93.9 95 121.6 109 68 107 107.4 103
HIC 1695 @ 83-120 1759 @ 99-117 949 @ o-123 1125 @ 98 111
Chest
X -78.1 87 -48.5 116 ~-55.13 80 -27.8 70
Y -25.1 82 +44.9 1156 -16.% 8o 130.6 111
Z +25.7 105 +1ov.93 104 +10.5 68 -14.9 117
R* 73.1 89 6.3 115 +55.8 7 +37.4 114
SI 749 @ 200 656 4 200 334 1 200 281 4 200
Femurs
LF -265 52 -8p 1 74 1.4 b -67N 17
RT -1465 77 -741 74 ~974 b -756 S5

*3-msec clip.

Restraint Survival Disotance (RSD) criteria 1s presented in
Table 4-36. This value was used 1n eff _rt: to leterm re relative

vehicle crashworthiness. Valies 1n tnis i1able reflect RSD wolurs

with and without a 7-m1llsrsecond iy flt. P ch/ it 1s *o acccunt
for crush of the honeycomb o, tlo 1ot vevice. Ihe vehicle com-
partment decelerat:on palse and restriint <" stem rulee vere woed
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TABLE 4-35. SUMMARY OF RESTRAINT SYSTEM DATA

VEHICLE: 1975 Plymouth Fury

Load @ Time
Fixed Test Device {1b) (msec)

Left Front Occupant

Peak Shoulder Belt Load 1047 @ 101
Peak Left Lap Belt Load 1157 @ 61
Peak Right Lap Belt Load 1669 @ 65
Right Front Occupant
Peak Shoulder Belt Load 2088 @ 110
Peak Left Lap Belt Load 2083 @ 69
Peak Right Lap Belt Load 1189 @ 69
Moving Test Device
Left Front Occupant
Peak Shoulder Belt Load 1065 @ 73
Peak Left Lap Belt Load 1037 @ 67
Peak Right Lap Belt Load 1233 @ 56
Right Front Occupant
Peak Shoulder Belt Load 1259 @ 86
Peak Left Lap Belt Load 2028 @ 66
Peak Right Lap Belt Load 1111 @ 63

to compare available compartment space with the space necessary
to decelerate the occupant. A critical element 1in calculating
this value is the relative positioning of the dummy in the occu-
pant compartment. Figures 4-48 through 4-51 show the pre-test
and post-test occupant compartments for each test. Refer to
Appendix D for an explanation of the methodology used to deter-

mine RSD values.
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5.0 TEST FACILITIES AND EQUIPMENT

5.1 GENERAL

The impact tests in this program were cc.,ductcd at the Mono-

-

rail Impact Facility, shown in PIigure 2-1. ™Pe barrier impact anid
midrange impact sites weire used for the fixed Test Device/vehicle

T
and moving Test Device/vehicle tests, respect.vely.

Table 5-1 describes the test equipment and 1ts function as 1t

applies to the test parameters.

TABLE 5-1. TEST EQUIPMENT LIST ANT 'INCTION

Item Manufacturer !Model = ‘'.rpose _
Timing Trap DbLynamic None Determinc im: act speed by fur-
Science nishing a <t vt and stop «rgnal

tn re.ording vscillograph.

Oscillograph Bell and 5-134 Records taimi. , start and stop
Howel 1l sign: -~ frcor Timiic trdaps,
cable « rum iri1v/e rom, and im-
L)aCt PN 6 I

Speed Dynamic Nol.¢ Preci .o QU Y21 01 cable

Control Science dArive Jram m.

Beam Scales westexn WP2000 Jsed t, deter ve oY iclo fast
weilgn

High-speed Phot»~sonics 16-1L Joer +1 , Ov sheasx, bar-

Motion rier, p t, and on-poard fiim

Picture o e 3, 45 ju.r2d

Cameras

Motion Bolex H-16 Pat r1 o r and docimeatatinn,

Picture

Camera

St1ll Camera Kowa 6 Do un  .tary ynotd coverase.




TABLE 5-1. TEST EQUIPMENT LIST AND FUNCTION (CONTD)
Item Manufacturer Model Purpose

100 and 1000 Dynamic None Furnish timing signal for high-

Hz Time Code Science speed cameras and a 1 milli-

Generators second timing for velocity de-
terminatiomn.

Stop Watch Brietling None Time for ~ollection of fuel
leak samples.

Containers - - Collection for fuel leak sam-
ples.

Graduated Kimes - Fuel volume measurement.

Cylinder

Calibrated Starret 48 1n. DPrecisior measlicement of veloc-

Steel Rule 1tv trap spacing.

Anthropo- Alderson (GFE) To ballast (e vehicle and to

morphic gather ocru.art response data.

Dummies

Dummy and Endevco 7233C Measures dqacceleration.

Vehicle

Acceler-

ometers

String Pots Celesco PT-101- Measur>s d.splacement.

15

12.5K Load Interface 1210 FS Force on honevcomb modules.

Cells 1210 LT

3K Load Cell GSE 2435 Determines temur load forces.

(Femur)

3500-pound LeBow 3419 Measu~ s belt locads.

Load Cell

(Belt)

F.M. Multi- Sangamo Sabre Records instrumentation sig-

plexor Tape I1T nal«

Recorder

Oscillograph Bell and 5-134 Recurds real-time quick-look

Howell data.
Signal Ectron M140 Conditions instrument output
Conditioner sigr1l for recording.
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5.2 FACILITY AND EQUIPMENT DESCRIPIION

The following paragraphs briefly lescribe the track facility

and equipment, their function, and m~le of operat_cn.

5.2.1 Tlest Track and Guidance System

The test track consists of 1,200 tee. »f asphalt pavement
(SN = 75 *t5), 14 feet in width. The lengtn aclows sufficient
acceleration distance to accommodate impact speeds 1n excess of

60 mph with sufficienlL distance remain nz to &t .rt the test .f

necessary. Guidance for the test vehicle 1s rinvided by a sliding
shoe attached to tne vehicle. ThLe sliuaing shoe rides on the mono-
rail embedded in the test track Prior Lo i1mnact, the shoc 1s

mechanically releas~d from the tect veh.cle.

5.2.2 Tow 3ystem and Velocity Con' ~1

The tow system consists of a drum-driven endless cable pow-
ered oy a pair of 390-cubic-1nch engines driven in tandem driving
a mod_fied three~speed C-o zutomatic truck t.ansm.ssion. The tow
system can propel a v,{000-poand vehicle 1nto tt . fixed barrier at
75 mph or two 4,000-pound ven.cles inb.o each  troir it a clesing
speed of 90 mph. Velcozity control 1s achieve. throrgh o manually
controlled throttle osvystem. A visual readout of speed versus dis-

tarce 1s provided and comnared witl _be "ide«’ cu.ve. Velocity
control under *0.5 mph 1s realizabi. down to "0 mph and 2.0 per-

cent down to zero miph.

5.2.3 Abort Syston

Automatic abort capability 1s pLroviaea througn «he velhicle
service braxes which are actuated [y v2leas.ng high-prassur. air
into the hydraulic system. Apurt ccoitsria ~onsi1sts of veh.cle

speed, data acyuisition and insirumenta- 100 system re-diness, and
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stability of the vehicle on the test track. The first two crai-
teria are automatically monitored by the test control system
while the third criterion is visually monitored by the test con-
ductor. Manual abort provisions arc available to the test con-
ductor. Upon verifying vehicle speed, the test control system
automatically deactivates the abort system to preclude an inad-

vertent test abort immediately pricr to aimpact.

5.2.4 Master Contiol System

The master control system used for impact tes*s controls and
monitors all primary system turctions that nust operate through-
out a predetermined 1interval during & test. This i1ncludes the
starting and stopping of the FM multiplexer tape recorder, high-
speed cameras, and oscillograph, and the control of the power winch
which propels th- test vehicle. Tie operatior of the various de-
vices 1s confirwed, 1ncludirng vehicle velocity and {ape recorder
speed synchronization, before 1t passes thrnugh a "commit" window.
When the vehicle 1s committed, the ato:i system 15 uisarmed, pre-
venting an accidental abort after the voint of no returrn 1s

reached.

Any system maltfunction. includ: .g improper v-phicle velocity
up to the commit win.cw, generates « 1 abourt. "he control system
uses the pulse output from the IRIG time base Jeneritor as a
clock with a menual push button defiring time zerc. Tiae logic
circults compare pulse counts from tine zero to jteset values

>

diraled in at the control panel. s wach coitrol Jircu.t gets an
equal comparison, that circuit 1s trrned .. If the self~test
circuit does nou veorafy, the abort system 1s aatomaticeolly acta-
vated. After a successful vehicle test, the last cortiol circuit
shuts the entire syster adown. The manval hachup control system
provides the test condu-~tcy with tne »ption of manually aborting

the test 1f the need ari<es,.
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5.2.5 Fixed Impact Barrier

The basic fixed impact barricr consists of 4 reinforced con-
crete structure, 6 feet higt, ¢ rfeet ttick, and '2 teet w_dc,
weighing approximately 100,000 rounds and comply-ng with SAE J85C.
This barrier can be fitted w.th various .icd:l:= acluding i1 flat-
faced barrier adjustable to angles ap tc 45 d=2gr .5, as well as &
pole barrier. This barrier system conforms to the definition of
a "fixed collision barrier"” as def ned in Fedzral Register, Vol.
35, No. 135, page 11242 (July 14, 1970).

A camera pit 1s located immecdiately 1pr f:rc v cf the impact
barrier and is 6 feet wide, B feet deep, and 70 fc2t Tong Th-
pit 1s covered with a metal gyrid which supocr! t o cvehicle as at
passes over, yet allos photocraphing or the v i 1cle ncers.de
when required. Electrical ou.lcets are proviued (r powering
floodlights and high-speed camcras. A fixed over ead carera
tower cantilevered over the barrier test site provides over-site

photography.

5.2.6 Midrange Impact Site

»

The midrange - est site ccos=ists of a -~zoot by 60-foot
asphalt pad. Cen*trally located within cthi: ‘rea 1s a camera pit
constructed of reinforced concrete whict 1+ € Ffeet wide, 8 [eet
deep, and 24 feet long. A me.al grid covers th= camcra pit,
allowing photographs to be taken of the vrinicle underside. A
mcvable coverhead camera tower 1 , ~o.1d-* fo cver-s.t- phctog-

raphy.

5.2.7 Hign-speed Pnotography

S1X ..gh-gpeed lémm camer2s with led t. cum martks wnd 2n2
panning camera are used for photngrachic st docwmenrtet.op. Proze-
cise field of view monitor: j 1s accomplis’'ed b,y nore fighting

4

with the vehicle at the impa. s.%z pricc ve tF te t

[
Y
[s¢]



APPENDIX A

CAR-TO-TEST DEVICF CRASH ANALYSIS
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DETERMINATION OFf EQUTVALENT

CLOSTING SPF[ 2> ¥1& MOVING BARRIER
COLLISION
Moving Barrier Collision:
HH ‘H
Y S = Vo (0) = v (0) ] - - favin) ]
+ bW
A (W W”) N B UJA »xn) (1)
where AVA = velocity change of vihicle A 1n moving
barrier 1o na © (roh
W, W, = weight of Yrnicles N anl B, respectaively
ATB
(1b)
VA(O),VD(O) = ,nit11l velocitie, of Velhicles A and t,
respect ol (ph)
AWI0) = 1nitial closing velocuty (niph)
Fixed Barrier Collision:
AV! = v' (0
7\ Ty ) ()
where fVI - wvelocity chanac 1 f1 d rics 1.ooact aiph
i\
VA(O) = 1nitial velocity of el A rph
Fquality conditions
The desired cqgual ty condition (th < e o Ve f it obange
1in the moving bars.ser ana {vxed baror r v ot ) 1o
A=l ()
Therefore [quari1ons (1) and fg) 1o 0 an the follow wg o
tion for the "erpnivalent’ lo .1 , d, o ouY, | the wov ng
barrier te.,':
{ ] !
. '
AV(0) = Vv (0) ], 7
S EEA "
[or WB = 4009 b, and VA(U) - 101 h, ot (%) b smes

pﬂ‘

[
8
|

A-2



2.0 DERIVATION OF EQUATIONS OF MOTION
The vehicle~barrier impact was modeled as a system of two

masses connected by a linear sprinj. My represents the rass of

the barrier test device; my that of the car.

_____.,.Xl ._.-———).X?

m, L NA\N\\,—— m,

The displacements Xy and X, are measured from the positions

of static equilibrium. The equaticrs nf motion arec:

3
—
b
[
+
=
b4
!
x
-
i
>
|

S
I
o)

(2)

xl = kl cos w_ t, X = X. CcOS mn t

? ﬂv (3)

1‘1-! 1 5 \ m_—l m. / (4)



The solution vho T 0 represerts a lateral displacement of the

system with no spring compression or extension.

The general solutiun of the _gu=ations 1) and (2) 1s of che

form
xl = Bl + 82 t + B3 cos mn t ot 84 sin wn t
2 2
x, =B, + B, t + B, pcos w t + B, rsin w t
2 1 2 3 n, 4 n, (5)
X ~- pX X - X
= .20 10 , o~ 10 20
where Bl = 1 -5 , b3 T
a - 20 7 “Y10 T B
2 - ! 4 o™ )
n, (6)

/ displac ts
X107 VlO' X50" \20 are the initial displacements and velocities of
the vehicle and barrier, respectively. We may set XlO = x20 = )3

then Bl = B3 = 0. Differentialion of (5) wirl, o pect Lo tirme and

substitution of (6) leads to the foulluwivy relstiors for the ais-

placements, velocities, and a.celerctionis of the ¢c1r and harrie-:

}-—J
|
TN
| <
o
—'o
|
i
T
| <
’i—‘
o
~—
-+
+
/A\
—_— <
—
(R
<
jo I S
1
~———
N
(=)
=
-

Y - 0oV Ay -V
X = _29M- ___]_'_(_). t + _] p - 4_?:2 31N
2 1 - o {(I=-pY n, N

—
~—



Y/ pV (V \Y
. 20 10 10 20)
= - + t
xl 1 = 5 1 = 0 cOs wnz
v pVv \Y Vv
. 20 10 ( 10 20)
X, = + ———| pcos t
2 1 -»p 1 o) n, (8)
\Y% -V
il = - ( l? —~ 20) w, sin vt
e 2 2
\Y -V
XZ = - ( l? - 20) 0w s1n w t
P 2 2 (9)
Using equations (3) and (4), the quantities p and 1l-p become:
-
p m2
. ml + m,
l-p = -
2 (10)

For the fixed
reduce to p=0, 1-p =
r vV 0)

20

0

barrier case,

the above equations for p and 1-p

1, w = (K— l/2; then x, i, X become: (m, =
n ml 2
m
1,1/2 K ,1/2
VlO (E~) sin (a~) t
1l
0 (11)
K ,1/2
V10 cos (E_) i
0 (12)



"2 (13)

3.0 CALCULATION OfF EQUIVALENT CLCSING VELUCITIES FOR SFLECTED CRASH
PARAMETERS

Maintaining selected crash parameter . constant for both the
fixed barrier and the moving barrier conditions, equivalent vehicle-
barrier closing velocities were calculated. The applicable cquec-
tions and some equivelent closirg speeds are summarized in Table 1.
Table 2 presents a simmary of the time. of occurrence for selected
vehicle parameters. It should pe noted fn.t be closina speeds may
be obtained by adjusting either the vehicle ~ . d, the uvarrier

speed, or both.
P 1s the parameter to be maintained ccnstint.
Barred guant.ties refer to moving barrier cacse.
(1) P: 1Initial relative veiocity of <hicle and parrier.

Fixed barrier case:

Initiral relative velocity = -V = v

Moving barrier case:

Vv \ + 1 = . — r?
Initial relative vel ety VlO 20

The equivalent ciosing sp<et 1 t-en gi1v n by the cgua.l-
1ty:

16 20 = Y19



(2) P: Maximum velocity change of vehicle.
Vel t = = -
elocity change AV VlO X1 final®

1! p\]
20 10
= — /
AV = Vg (T3 )
Y10 ~ Voo
1 -
Fixed barrier case:
AV = V10
Moving barrier case:
5 -~
g - 110 = "20) n,
(ml + mz)
For AV = XV
m, + m
= ~ 1 2
Vio ~ Vao ("“B;”“q Vio
(3) P: Maximum momentum change of vehicle.

The condition here 1s

Therefore the result 1s the same as in (2):

Vio ~ Va0 T V1o

m

(ml + mz)
2



(4) P: Maximum passenger compartment acceleration

eration)

Fixed barrier case:

From equation (13)

_ ko L/2
[X,l‘ = VlO \a*)
ma X
Moving barrier case:
From equation (9)
_ _ B (my, + 11,)
|)& l = (v \V/ ) ¥ ___]L__ _2__
1 10 20 m, I
max ] )
Equating |x | and l;l[ qives
max max
G o-v UL AR
10 20 m, Y10
{(5) P: Maximum +-pring crush
Maximum spring crush = |x, = x,
h T racx
- 710 Yo
“n
Fixed barrier case:
vy 172
= =\
Miximum crush VlO (K

(decel--



Moving barrier case: 1/2

= ™ ™
Maximum crush = (V10 - Vy! (ﬁ@{;ﬁf}@p)

The equivalent closing speed for equality of maximum
spring crush 1s then

5 w _ Tl 3 T% 1/2 ”
10 20 m,

10

(6) P: Maximum energy absorbed by vehicle.

This calculation 1s based upnon the assumption that all
the energy of spring compression represents energy ab-
sorbed by the vehicle.

>
Energy absorbed = Ly (¢, = x5)°

2 1

Maximum energy absorbed 1s ther given by the quantity

_ 2
% K [(VIO Vg_o)}
W
n

Fixed barrier case:

[ —‘!2
1 ! L
K 3 — 7 _ =
Maximum energy absorbed 5 K:\lo &

Moving barrier case: - B
10 7 Voo (myp ™M)
) 172

172712

Maximum energy absorbed -
[Kim, + m,

Equivalent closing speed for egqual maximum energy absorp-
tion 1s then:

Y L T T
10 20 m, / 10



3.1 TIME OF OCCURRENCE OF MAXIMUM VELOCITY AND MOMENTUM CHANGE,
MAXIMUM ACCLLERATION, MAXIMUM SPRING CRUSH, AND MAXIMUM
ENERGY ABSORPTTON

From equations (7), (6), and (9), it 1s apparent that this

time of occur.ence 1s given by

i

2u
n

o]
H
.

!

Fixed barrier case (t T)
| ml 1/2
I = - (=
5 (&)
Moving barrie:r case (vt = )
1/2
I S S
2 K(nl + 1.)
The ratio % = ( Tg_, )1/2
m, + m,
1 2

Values for this ratio for sever i cors 1rc given in Table .

4.0 DYNAMIC TEST CONDITIONS AND VEHIC™E LATA

4.1 DEFINITIONS OF SYMBSIS

W2 (m2) = welght (mass) of barrier test devac
wl (ml) = weirght (mass) ot vehicle.
VlO = initia' velocrty of vehicle for risxcd harr.er case.
{]. I

10 = 1nitial veloc1ty of vehicle for noving Larricr case
\Y . N

20 = 1nitlal velocity »f movinag tarvr ~°r.

A-10



K = spring constant of vehicle crush structure.

T = time of occurrence of vehicle parameter maximum (fixed
barrier case).

T = time of occurrence of vehicle paramcter (moving barrier
case).

p = mode shape.

w = natural frequency of system.

4.2 TEST CONDITIONS

w2 = 4000 pounds (moving ba.rier)
V20 =0
w2 = o (fixed barrier)

4.3 VEHICLE DATA

Vel Y Vla
Fixed nBarri.er

weight Cond'tron
Vehicle _(1bYy ) (mph)
Honda 2200 40
Ford 4550 «0
Plymouth 4440 40
Volvo 3220 45
A-11
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APPENDIX B

CALCOMP PLOTS
TEST 7
1975 FLYMOUTH WURY-TO-F1XED TEST DEVICE



G

ACCELERATIBGN -

G

AR

5-13-78 1600 501 83.:6-"
O= X A= Y += RZ PLYMOGLTH

160

LI'ET FRONT OCCUSCANT |
I AD AYZ AT RKLI RATION

& [
s e
¢
(an] ,
= |
'D 40 80 120  1B0 200
TIME - MSEC
5-13-78 1600 501 8316-7
o PLYMBUTH

LLFT 1 24T OC L ANt HLALD
RTOULTA T ACCHL RALTION

| |
|

l
" |
|
|

40

| \ |
V'W/V 1‘ ;

\kaVmbﬂMf\%ﬁ |

e —— e e — o — —

S

o7 40 20 120 10 200
| IME - MSEC
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ACCELERATIGBN - G

AR - G

6-13-78 315/100 1101 8316-7
2 O= AX A= AY += AZ  PLYMBUTH
LEFT FRONT OCCUPANT
CHEST XYZ ACCCLERATION
@
o
o
QO
|
(e}
w
"0 40 80 120 160 200
TIME - MSEC
. 6-13-78 315/100 1101 8316-7
S PLYMPUTH
LEFT FRONT OCCUPAT CHLSTY
RESULTANT ACCLLFYFRPATION
O
SV
O
’ [
i ,
=y / |
= / \ /V\ |
' I
Ve \ |
J \/ \/‘\/\-A
S0 490 80 121 1860 200
TIME - MSEC
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S1

2000

1500

6-13-78

3157100

1101 8316-7

PLYMOUTH

1000

500

LEFT FROUT OCCUP:HsHT
CHEST SEVERITY IHNDLWX

20U



%101

FL - LBS

LBS x10!

FR

6-13-758 1uU0U 2001 8316-7

S PLYMOUTH
B LEFT FRONT OCCUPANT
LEFT FEMUR LOAD
L e e T O
o
o
.
(e
o
N_‘
!
(o]
o
m . . Y '
'O 40 80 120 160 200
TIME - MSEC
6-13-78 1000 2001 8316-7
= B PLYMBUTH
LLFT FRONT OCCUPANT
KIGHT FEMUR LOAD
?-M POV VA A P
O
O
e
O
(-
(Tl-
-
O
™ . . e |
'O 40 80 120 160 200

TIME - MSEC
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*101

FORCE POUNDS

10

FORCE POGUNDS

6-13-78 3157100 4291 831E-7

= PLY LFLB-L
o T T T
‘ LEFT I'RONT OCCJdPANT
LET: LAP BLLT 1L,0OAD
o |
O |
™ |
O
© \
\\\ ,
\ |
/ N
“_/_/,/\ ~—~—— ~-~’-"\,J
© i
|
S | 1
- , S ]
"0 40 80 120 150 200
FIME - ™MSEC
6-13-78 3i15/100 4201 8316~ 7
S LY LFL
o S
Tt 2 L A 4T ‘
L T 1] T .
O |
O | |
[QN] |
N }
\
o SN |
< \
\ |
// ~ 1
/ \\ |
o N e
|
o §
C) ]
0 40 80 26 160 200




x10!

FORCE POUNDS

300

0

-100

200

100

LFTORB

6-13-78 315/100 4201 8B316-7
PLY
LEFT FRONT OCCUPAUJT
SHOULDER BELT LOAD
<./~——-/_’ \\-’\~_\/
. — . , :
§ 40 80 120 160 200
TIMF - MSEC



ACCELERATION - G

AR - G

6-13-78 1600 503 8316-7

3 0= AX A= AY +-= AZ PLYMBUTH
RIGHT FRONT OCCUPANT
HEAD XYZ ACCELERATION

O

0@}

(]

(-]

m-i

|

o

w

) 40 80 120 160 200

TIME - MSEC
6-13-78 1600 503 8316-7

3 PLYMBUTH

- RIGHT FRONT OCCUPANT HEAD
RESULTANT ACCELERATION

O

N

! K

°° \

04

=

o 40 80 120 160 200

TIME - MSEC
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ACCELERATION - G

AR - G

-

6-13-78 315 ‘10U 1163 8316-7
2 - AX A= AY +-= AZ PLYMBUTH
B RIGHT FRONT OCCUPANT

CHEST XYZ ACCELERATION
O
O
k i
2 |
U] |
- |
(D y
) 40 80 120 160 200
TIME - MSEC
_ 6-13-78 315/100 1103  83i6-7
o B PLYMAUTH
RIGHT I’ONT OCCUPANT JHFST
RESULTANT ACCFTIVRATION
(a»]
N _
]
< Adﬁ\w
ol 40 80 120 180 200
TIME - MSEC
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Sl

o 6-13-78 315/100 1103 8316-7
S PLYMBLTH
[QN|
RIGHT FRONT OCCUPANT
CHEST SEVERITY INDEX
(&)
[@D)
(Tp I
(D]
(@D)]
O |
(@D}
O
(§p)
= 40 80 120 160 200
TIME - MSEC
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- LBS x10!

FL

x10!

FR - LBS

6-13-/8 1uUlU 2003 8316-7

S PLYMBUTH
RIGHT FRONT OCCUPANT

C?-wthkw\ fAwaNW\vVNJwM

(]

-]

3

(]

(@]

N

|

(@)

(o)

™ T Y T T

"0 40 80 120 160 200

TIME - MSEC
6-13-78 1000 2003 8316-"7

= L PLYMOUTH
RIGHT D'RONT OCCUPANT
RIGHT FLEMUR LCAD

e o

o |

O

| -

(]

(o]

N‘1

|

(-]

O

m-v—————-——-———~—--—~— —_ - - —— e <

"0 40 80 170 160 200

TIME - MSEC
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x10°

FOGRCE POUNDS

*101

FORCE POUNDS

100 200 300

0

-100

300

OJ

-100

6-13-78

3157100 4203 8316-7

PLY RFLB-L

RIGHT FRONT OCCUPANT
LEFT LAP BELT LOAD

200

100

40 80 120 160 200
TIME - MSEC
6-13-78 315/100 4203 8316-7
PLY RFLB-R
RIGHT FRONT OCCUPANT
R1IGHT LAP BELT LOAD
40 80 120 160 200
TIME - MSEC
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*10

FORCE POUNDS

-7

RFTORB

6-13-78 315/100 4203 8316

S PLY

o
RIGHT FRONT OCCUPANT
SHOULDER BELT LOAD

(-

O

N

O

O

o] T

o

o

! 40 80 120 160

TIME - MSEC
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ACCELERATION - G

ACCELERATION - G

6-13-78
O =

3157100

AX A= A

101 8316-7
Z PLYMOUTH

80

LEFT B-PILLAR ACCEL-
ERATION - LOCATIONW 1

200

)
w L T T T
"0 40 80 120 160
TIME - MSEC
6-13-78 315/100 102 8316-"7
o O= AX A= RZ PLYMOUTH
®
RIGHT B-PILLAR ACCEL-
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O .
=
o
T

0 40

80
TIME -
B-14

120 160
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200



3157100 401 8316-7
AX A= VX += SX PLY AV1,2

80

40

- 40

AX - G, VX - MPH, SX - IN,
0

-80

AVERAGE B-PILLAR ACCELERATION
VELOCITY AND DISPLACEMENT
LOCATIONS 1 AND 2

80 120 160
TIME - MSEC




ACCELERATIGBN - G

ACCELERATIOBN - G

6-13-78 3157100 103 8316-7

o O= AX A= RZ PLYMOBUTH

(o0
REAR DECK ACCELERATION
LOCATION 3

O

=

(@]

(o

<-<

|

(@D

o . . . .

! 40 80 120 160 200

TIME - MSEC
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O

e

o q
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v

40

80 120 1860 200
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40

-80
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AX
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ACCELERATION - G

AX - G
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O
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O
o
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O
N
"0 40 80 120 160 200
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O
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AX - G

AX - G

6-13-78 3157100 106 8316-7
= PLYMBUTH
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O
O
o T
o
o
' -
o
]
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"o 40 80 120 160 200
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AX - G, VX - MPH, SX - IN,

6-13-78 315/100 402 8316-7
S 0O: AX Az VX += SX PLY AV6.,S
N

AVERAGE ENGINE ACCEL-
ERATION VELOCITY AND
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O.-
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-200
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6-13-78 315/100 4101 B8316-7
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DSPLMTINCHES

112

R
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-16

40 80
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APPENDIX C

CALCOMP PLOTS
TEST 8
1975 PIYMOUYH FURY-1O-MOVING TELT DEVICF



ACCELERATION - G

AR - G

6-20-78 1600 501 B316-8

o O AX A= AY += AZ PLYMOUTH
LEFT FRONT OCCUPANT
HEAD XYZ ACCELERATION
O
w-i
§
O
w
' 40 80 120 160 200
TIME - MSEC
o 6-20-78 1600 501 8316-8
O PLYMOUTH
o
N
=2
2
S 40 80 120 160 200
TIME - MSEC

c-2



(5

ACCELERATIOGN

AR

O=

6-20-78 315/10C 1101 8316-8
A

AX Az \f + = RZ PLYMQUTH

160

80

L7 T TRONT OCCUPANT
CH ST AYJ4 BCCLLERATION

O

[§n)

R — : e - = - —

' 40 50 120 16C 200

TIME - MSEC
6-20-78 2315/100 1101  8316-8

o L Pl YMOUTH
o |
X
@ 1

|

!

J

|
= /\

| 4 \

; // \\

[ A Ve
©7 AC 80 0 160 200



Sl

2000

500

6-20-78 315/100 1101 8316-8
PLYMBUTH

1500

1000

LEFT FRONT OCCUPANT
CHEST SEVERITY INDEX

e

40 80 120 160 200
TIME - MSEC



LBS x10°

FL -

LBS 10!

FR

65-20-78 1000 2001 8316 -8
= PLYMBUTH
B ITET PRON1 OCCUPANT

LLTT FEMUR LOAD
(@] A \—\/-\'NN\/VI\H
| MM'
m\«/‘/\\/f\-\{\‘/ﬁ
o
()
Ik
o
o
]
o
o
m I - -~ I T i
"0 40 80 120 160 200
TIME SLT

5-20-78 100U 2001 8316-8
S - - PLYMAUTH
- I1.T FRONS OC "UPANT

RIGHT FI MUR LOAN
C‘) q'\«wu_\,\,‘,v\ rN-\/'\“‘ TN o S A f P p PN A
l ‘l A /
\ f
=2 VW J\‘\FN/ |
e f |
v l
|
o f !
O | |
N
i i |
| 5
|
o L |
o
m v T T ™ A
"0 40 80 120 160 200
TIME - MSEC

C-5




10

FORCE POUNDS

x10

FORCE POUNDS

300

100

0

-100

300

100

OA

-100

200

200

C-6

6-20-78 315/100 4201 8316-8
PLY LFLB-L
LEFT FRONT OCCUPANT
LEFT LAP BELT LOAD
0 40 80 120 160 2C0
TIME - MSEC
6-20-78 315/100 4201 8316-8
PLY LFLB-R
LEFT FRONT OCCUPANT
RICHT LAP BELT LOAD
I . . . :
0 40 80 120 160 200
TIME - MSEC



6-20-78 315/100 4201 8316-8

PLY LFTORB

300

200

x10

E PBUNDS
100

FORC
0

i

-100

LI FT FRONT OCCUPANT™
SHOULDER BELT LOAD

CD 1

40 80  1.Y 160
TIME - MSEC




ACCELERATION - G

AR - G

6-20-78 1600 503 8316-8
2 0= AX A= AY += AZ PLYMBUTH
RIGHT FRONT OCCITPANT
HEAD XYZ ACCELERATION
O
(¢ 0]
o
O
QO _
|
(0]
w
| 40 80 120 160 200
TIME - MSEC
6-20-78 1600 503 8316-8
2 PLYMBUTH
- RIGHT FRONT OCCUPANT HEAD
RESULTANT ACCELERATION
(@)
N
O
e @]
D'ﬁ
<
o 40 80 120 160 200
TIME - MSEC

c-8



G

ACCELERATION -

AR

-8
BUTH

200

-8
OUTH

£E-20-78 315/100 1103 8316
CE AX &-  AY +-= RZ PLYM
RIGHT FRONT OCCUVPANY
CHEST XYZ ACCLLI RATION
o iy
e8]
~
CDT—e»4»«ré5I)JO@»ﬁ?Zét;;:;ggjﬁﬁﬁgﬁnah
N\e\/
O
O |
|
O
w
0 40 80 120 160
TIME - MSEC
- 65-20-78 315/100 1103 8316
o PLYM
: RTGHT FRONT OCCTIPANT CHEST
T8 T IANNT ACCT™Y L GATTION
[am ]
N‘1
|
O |
V8]
l
Oi
<:r<! //\ P/\\\
| A
! //N/ L \\
| ! e e
e . 40) 80 120 160

TIMO Mokl
\

200



Sl

o 6-20-78 315/100 1103 8316-8
S PLYMBUTH
o RIGHT FRONT OCCUPANT
CHEST SEVERITY INDEX
o
o
Vol
O
(-
O
(o)
O
5p)
o 40 80 120 160 200
TIME - MSEC



LBS 10!

FL

LBS x10°

FR

6-20-78 1000 2003 8316-8

S B PLYMBUTH
RIGHT FRONT OCCUPANT
LEFT FEMUR LOAD
OVWMM /\/M\WV It s
o v
o
-
o
o
N
l
o
O
m . - r ; —
"0 40 80 120 160 200
TIME - MSEC
- 6-20-78 1000 2003 B31b-8
o . PLYMBUTH
[ alv i = ROND OCCU AN;_W
‘ EITodT 710U R Loab

I J
CDLWvaVﬂf b oY Ve et
% V\"f W r\,th,Pp JMJ \Ww m \MW

l
)
|
!
F
|

60 200

|
I
]
!
|
o
Sl
!
G

40 50 120
TIME - MSEC

e



FORCE - POUNDS *101

FORCE - POUNDS *10!

6-20-78 315/100 4203 8316-8
= PLY RFLB-L
™ RIGHT FRONT OCCUPANT

LEFT LAP BELT LOAD
(e ]
O<
N
(an]
(=i
o
[a»)
(@n]
| 40 80 120 1860 200
TIME - MSEC

6-20-78 315/100 4203 8316-8
S PLY RFLB-R
« RIGHT FRONT OCCUPANT

RIGHT LAP BELT LOAD
(@)
O
N
O
O
O'\
(@]
(@]
! 40 80 120 160 200
TIME - MSEC

C-12



10

FORCE - POUNDS

6-20-78

3157100 4203 8316-8

S ] PLY RFTORB
(3D]
RIGHY FRONT OCCUPANT
SHOUI.DFR BELT LOAD
(o]
(@]
[QN]
o
=] "/\A
N\
\
D-r—_\,—/ ‘_N‘IM_,
o
O
! 40 80 120 160 200

TIME - MSEC



ACCELERATION - G

ACCELERATION - G

6-20-78 3157100 101 8316-8

c O AX A= RZ PLYMBUTH
® LEFT B-PILLAR ACCEL-
ERATION LOCATION 1
o
w T T T 14
"0 40 80 120 160 200
TIME - MSEC
6-20-78 315/100 102 8316-8
o O= AX A= RZ PLYMBUTH
© RIGHT B-PILLAR ACCEL-
ERATION LOCATION 2
O
=
o
© M v v -
"0 40 80 120 160 200
TIME - MSEC

C-14



AX - G, VX - MPH, SX - IN,

6-20-78 315/100 401 8316
o O= AX A= VX += SX PLY
88
AVERAGE B-PILLAR ACCEL-
ERATION VELOCITY AND
DISPLACLME ' LNOCATIONS
1 AND 2
O |
<t
i e
o s —
o
<
|
(]
w B g
! 40 80 120 ern
TIME MSE"™

-8

AV1.2

200



ACCELERRARTIOGN - G

ACCELERATION - G

80

40

-80

o
¢ 8

40

- 40

-80

-40

6-20-78 3157100 103 8316-8
O= AX A AZ PLYMBUTH
REAR DECK ACCELERATION
LOCATION 3

40 80 120 160 200
TIME - MSEC
6-20-78 315/100 105 8316-8
o= AX A= AZ PLYMBUTH
n REAR AXLE ACCELERATION
LOCATION 5
40 80 120 160 200
TIME - MSEC

C-16



ACCELERATIGBN - G

AX - G

200

0

-100

~-200

-75

=225

- 150

6-20-78 315/100 104 8316

0= AX Az RZ PLYM
FIREWALL ACCELERATION
LOCATION 4

|
4

-8
BUTH

4
0 40 80 120 160 200
TIME - MSEC
5-20-78 315/100 107 8316 -8

PLYM

w____ e e
l\ .

FRO' CROSSMWMBER ACILI-
LRATION LOCATION 7 ‘

VAN /‘ //\,/\J\/ VAT

| M\ \u’
I/

\f |

|
|
|
|
|

0 40 80 120 160
TIME - MSEC

=

BUTH

200



AX - G

AX - G

6-20-78 315/100 106 8316-8
S PLYMBUTH
N
UPPER ENGINE ACCEL-
ERATION LOCATION 6
o
o
o
o
o
*r.
(D)
o
N . v - .
! 40 80 120 160 200
TIME - MSEC
6-20-78 315/100 109 8316-8
S PLYMBUTH
N
LOWER ENGINE ACCEL-
ERATION LOCATION 9
o
(@]
INSTRUMENTATION FAILURE
o
o
o
'r.
o
o
N R L L) L
! 40 80 120 160 200
TIME - MSEC

C-18



6-20-78 315/100 400 8316-8

S O AX A= VX + = SX PLY AV6.9
AN
AVERAGE ENGINE ACCLL-
FRATTON VELOCITY AND
DISPLACEMENT LOCATIONS
. O 6 AND 9
= O]
fn —
! NOTE : INSTRUMENTATION F2A(LURE
>(/<) ON LOCATION 9 ACCLLEROMLTER
o~
o_
=
|
><
-
)
i
><
<r
o
O
N‘L 1 L] A s ¥ —-J
"0 40 80 120 160 200

TIME - MOEC



ACCELERATION - G

6-20-78 315/100 108 8316-8
o O= AX A= RY +-= RZ PLYMOUTH
00
LONGITUDINAL C.G. ACCEL-
ERATION LOCATION 8
o
o] . - , .
'O 40 80 120 160 200
TIME - MSEC



OSPLMTINCHES

-12

-8

-16

6-20-78

3157100 4101 8316-8
PLY SP-1

N LS LY

INSTRUMENTATION FAILURE

VLCHICLFr STRING POTENTI-
OMLTER DISPLACEINLNT

40

80 120 180 200
TIME - MSEC

c-21



AX

AX

b-20-78 315/100 202 8316-8
o . TSTOEV
o I

JOVING 1TRST DrVIC.
LEFT SID. ACCrLERATION }
| s
D {
o
N | |
i ;
o s
) \\/ |
<
i
O 3
© - I —
0 40 g0 120 160 200
TIME - MGEC

6-20-78 315/100 201 8316-8
o TS, 0wV
N o ]

MOVIJG TEST L VICE
RIGHT SIDE ACCiTFRA,ION |
o] “»fv’“\/'“\’\/j
/S L
- ﬂ |
0d4 i
| | A :
iy
o) \/ :
oY ‘
o, |
O l_--“—* e S e et —7“-'—-“**——'1
'O 40 80 120 160 200
TINE - MSEC

C-22
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AX - G, VX - MPH, SX - IN,

6-20-78 315/100 400 8316

O AX A= VX += SX /D

-8

ARV 1.2

o "

©
AOVING TEST DLVICF
ACCELERATTON VoLLOCITY
AND DISOLACENLNT LOC-
»TPIONS 1 s\ 2

O'i

v

4
b\\>{‘”’ ———
A S—a
o ¢ ;:;:1:: RO A e A it S e
\95\

o

<

|

D 1

© _ |

"0 40 80 120 160

TIME - MAEC

V=03



6-20-78 315/100 400 831t-8
TSTOEV SPI

N STRING POTENTIOMETER 1
DYNAMIC NBTSFLACEMENT
LOAD CFIL 73
r\'—’\/—-\.f-\/-\/-'"

D-{r\/‘ ’\\Mv\/—/
- -
L
I
o
Z {
—

— 1

p

af QUESTIONABLE DATA
w

O

~

I

0 L : — .

'O 40 80 121 120 2.0

TIME - MSEC

NOTE: STRING POTENTIOMETER 2 DYNAMTC r1lPLA L
ON LOAD CELL A8 HAD NO MEASTIREARLS OATA



DSPLMTINCHES

DSPLMTINCHES

6-20-78 315/100 4003 8316-8
TSTOEV SP3
o~
' STRING POTENTIO!ETER 3
; DYNAMIC DISPLACEMENT
| ZOAD CELL B5
o
i
|
|
™
I
1 ’\/\r\/
Y
|
Ol , - - .
"0 40 80 120 160 200
TIME - MSEC
6-20-78 315/100 4004 8316-8
L TSTDEV SP4
N
STRING POTENTIOMETER 4
DYNAMIC DISPLACEMENT
LOAD CELL B6
o1
<}1J
N A N
NP
I
(D v Y T
' 40 80 120 160 200
TIME - 1ISEC

C-25



DSPLMTINCHES

DSPLMTINCHES

6-20-78 3157100 4305 8316-8
TSTOFY 8PS
~ ot
STRING POrELTIOMETER 5
D7 IAMIC DI >PLACIMF +!
LOAD CELL « 2 |
i
¥~ /1
o
Vo -
| \V/’/’AV/ NP .
1 h
i
|
<
! |
|
}
0 ¥ - r - g =
' 0 40 80 120 160 200
TIME - MSEC
6-20-78 315/100 4036 8316-3
TSTOEV SF6
Odl——"_'“"'_‘_'_“'*”"_*"— T T T T
S™ ING :. ENTLOMiILK 6
| 0f AIC LISPLACEMENT |
. TOb CLl 9 |
| ;
ol ™\ [
\,_/\_\/‘/\/v-\/\/\/\f‘x-v\\/l_\ - T~ /d‘
!
o |
!
q‘ -4
!
LD T T T TYT - T -T - I ~-_—_J
"0 40 50 120 160 200

TIME - MSEC

LU



x10!

U IN/IN

*x10

U IN/IN

6-20-78 315/100 4301 8316-8

= L B TSTDEV SGI
NMOVING TEST DEVICE
ROW B STRAIN GAUGE

< Ao

/—'/\-/f/’\/\/\/'

=3 J

""* 4

o

N

L] \ /

; V

ol

O |

™ | . . I e

"0 40 80 120 160 200

TIME - MSEC
6-C0-78 315/100 4302  8316-8
=  _TSIDEV sGZ

MOVING TEST DFVICE
04 C STRAIN GAUGE

40 30 120 180 200
TIME - MSEC

C=-27



*101

U IN/IN
-200

-0 100

-100

-300

6-20-78

+ - -

315/100 4303 8316
- TSTD
MOVING TEST DUVICE
RIGHY SopE STRAIN GAUGE

\/\ﬁ/\m f\/\/\/\fN e~~~ \//V\/J{‘
|
|
|
l
|
|

40

80
TIME

120 160
- MSFC

-8
EV

20U

oG3



JASKW - 3WIL

SL1 0S1 Sl 00T S 093 7 0
, — A : — - - . —tuwun
_
|
P - . _ (-
iy e e =
N M
,T\..ﬁ%\ o
A
/ » =
m
(N
i |
-
o
wn
=
*
O
W
Fon
T NWATOO
SdO¥0d 113D dvo1
dOIATA LSAL ONIAOW
s
0= X J=+ 9= v =0 ©
331A301S31 8-91€E8 [ 01/S1€ 8L-02-9
8LvcLO BN 1531 NWNT82D SENEBEE 3140

29



J3Sk - dlid
Scl 0SS Sc1 gor s, 05 G2 -@.
“WH«I.I:Ian e e -l«h)lh‘W!}/Jﬁ» =" e o {HH”)H”,@{\ N \Wl
/(h\) T //\ i \\
AN \3 P
//\\a/// w,/\\ \_ Yoo
\ | :
>\
¢ NWQOTOO
S30¥04d TTdD qVoTl
ADIAZA LS. DONIAOKW
=X J=+ g=v =0
33I1A301S31 8-91€8 é 00I/S1E€E 8L-0Z-9
8LYJLO ON 1S3t NWNI183 431114 3180

N

i
gy
A

T

—
o
w

A

——

-

o
™



00<

SL1 0G1

P

i

JISH - 3INIL

001 SL

i

e
BN

£ NWNTOD
Sdd¥04d T1dD 4avo1
dO0IAEA LSIL ONIAOW

MMWHMMMMWWWmmmwmmmmmwﬂW&MMMMmemw

33I1A301LS31
8LYZLO

=X

8-91€8

ON

1531

I+
£
NWNT82

H=0©
8L-02-9
3180

0c

C-31



J38SW - 3IWIL
SLT CS1 Sl 001 SL 0 S |
q|| — i A JROUENES T o D U S - b —_ e — - M.r.j
|
Ia N
! / \ / ~ﬁu
AT =y AT
/ [ e f\ \M\(\.«/&K\ / _
/%f XV
/
/(./ \/ ‘&7 er
“_
=
=
y NWAQTOD
SIOI0d 113D dvoTl
JOIAIAd ILSHIL HONIAOW
o ~No
0=X J=+ g-wv H=@ ©
331IA301S31 8-9T1€E8 14 001/S1E B8BL-0-8
8LYZLO ON 1S31 NWN1803 431714 3180

14l 4

EN

C-32



J3SW - JWIL
002 SL1T 0ST 521 001 SL 0S 52
- p—— —— l./\.l//l[\\a*ﬂn) —
ﬁ&%@a&ﬂ// T 7
/(h\\///:\.\\ﬂ/ \
v
\.
. /
/\/
S NKWQT0D
SADY0od TTIID AavoTI
dOTAZQ LSAL SNIAOW
0=X 2T+ 8- v H-Q®
3J1A301S3L 8-91€8 3 601/SIE 8L-02-9
8LV2L0 ON 1S31  NWN193 Y3171 4 3180

Sl

33



00¢

SL1 0S1

JISW - JUIL

2cl

9 NWQTOD
SEADYOA TTHD dV¥0T
JOIAdQ LSdL ONIAOKW

00 SL 05 ST

e A -

01

Sl

33IA30LS31
8LYZLO

I=+
9 00
NWN183 ¥

Sgn 33404

O1x

Cc-34



00<

N
™~
|

0ST

JASW - IWTL

SZ1

i

001 gL

.

o
LD

5S¢

L NWQTOO
SHOI0d TTHD dVYOTI
IO1AdA LSHL DONIAOW

331A301LS31L
8LYCLO

— O
wo 1
+—(D><

J=+
NWN183

33404

SN

01

O1x

~-35

)



JISHW - JWTL

002 SLT 0S1 521 007 SL 0S SZ 0,
- - - i
|
.
QD
Py
=
<
i N
I
—
8 O
) ™
. 5
ﬁﬁhU
b 3
Dnb
o
8 NRWNTI0D
S04d0d TTID dVOol
dO0IAdA LSHL ONIAOW
N
0=X J=+ g=wv y=@
J3IA301S3L 8-g1€8 8 001/S1€ 8L-02-9
8Lv2L0 ON 1S31L NWN192 ¥31714 3140



007

S3SH - 3WIL

SL1 0S1 A 0GT SL 053 Q7 0
. L R U , L
-
@
2]
™
,
|
T
<\ &
g=
! E
o
w
o
6 NWNTIOD
SE24904 TTIdD avol
HOIAZd LSIL 9ONIAOW
_ _ ™)
0=X 1=+ 8= v H=0
301A301S31L 8-31€8 5 001/S1€ 8L-0Z-9
8LYZLO BN 1S3L  NWNTB) 431714 3140

c-37



007

J3SW - 3IWTL

SL1 0§t shA

| S

0T NWNOTIOO
SADYOJ TTIdD dv0l
JdOIAJA ISHL ONIAOW

001 S

— - —~— —_—— — 4 —

wm il
O—CDX

JJIA30LS3L
8LYZLO

J=+
o)
NWN193

00
o

ﬁnﬁﬂ%ﬂ&"ﬁ%&% O

0l

g1

S8 33404

01x

Cc-38



_ . 23SW - 3WIL

ro.m,N SLT 0S1 ST oow_ SL 0S 5S¢ C
.ll- //.\-.'Jl)(\l/l\./\'(l.\../; - R | B
..'/o\) .\\/I-// (‘(\/\I|\»:./ -
\ j
] _ ) . o _ \/\
!
. f
o L N - ) ) i ) //\.(\ /4\|
- 20404 AA.,_NU avoT aIMASYINW - N B -
~ TYIOL 3DTAIA ISIL ONIAOKW ! M
T 33TA30L1S3L ,
| _ ! | g-g1€g . 0y go1/S1¢ 8L-0¢-8 |
T o T g8Ly2L0 T @N LS3LT - glel 431114 — - 3180

0G-

-39



JASH - JWTL

002 SLT 0S1 z1 00l S, 08 sz 0.
o
R R e e SRR ~ -
N /
EevAV el
\/
N
o
|
n
O
tarCarlastorlorln = ¢ -
mm+mm+ﬂm+m4+md+ﬂm =1
NOILVIWWNE
TTHD Y01 dqIdNo¥d
JdIS LJd3T dTOIHAA
3JIA30LS3L B 2= =0 g
g-91€8 001/S1€ 8L-02-9
8Ly2L0 N 1831 HILlyHd 431714 3180

C-40



JASH - JWIL

J0¢ GL1 0G1 P 001 SL 03 S 0
W 2 e — . -1 - - — 4 -y
n
———— = e e —— ___ e —— - =
= = — &‘lol)ﬁ\l/ —— — \\ \M\J.Q
AY z/ l*\
LN Vel /
./\,
- —ILJ
-3
Las?asSasVartoros®oels = 5 .
Pﬂ+wm+mm4vﬂ+h4+®4&+m4+v4 = €
NOT LVWWNS
1730 IVOT ATdNOuD
ATINTY ATOIHAA
- 331A30183L T T = =@ 2
8-91€8 001/G1E€ 8L-02Z2-9
8LYCLO ON 1S31 1911dHd d317714 3140

S8 ENRIE

01



00¢

J3SH - JWIl
SLT 051 5z1 001 5L 08 aZ

L e [ S S S

0T, 0q+8q+0T5+65485 =

9
0Tg46q48q40Tybys8y = ¢

NOILVYWKS
TTdD av0o1 dddnoyD
dJIS LHDIY JdTIOIHJIA

33IA301G31 9=v S=W
8-91E8 001/S1E€ 8L-0Z-9
8LYZLO UN 1S31 1”Ilddd 431114 3180

—_—— —— e _——— A {i

.

Sé-

3¢

o
(-

S8 35«04



QCc2 SL1 JS 521 001 Sy NG G2 o

L U YO i i 4 — i +
w an
o

|
#\'\\\Uﬂ«nﬁg?i - e -

N T
, \/T/ ”/”1 . = \\\\\\ \
T /.s//\\ /

[/

/ / T ﬂ(%
\

N t |

//L\}J\\,// \\ ,
S A [ o
e

|
¥ MO INV ‘d MO:L ‘D MOY ‘A 10 = ¥ b
g M0d UNY ‘D MO¥ ‘Q MO¥ = ¢ roo
D MOY¥ QNY Q MO¥ = 2 O

a mMoad = 1 !

NOTIYWWNS TTAD avol _

gIdnoys dOTIATA LSTIL ONIAOW
e ~ I B
P X cT+ 2=V =0 3
33IA301¢ B-G1C8 00I1/S1€ 8L-oc2-9
8/.0cLC N 1631 d . L ¥dd 8317114 J1HC

33464

g_]
C=-45

S
~

(

EIJ P >



APPENDLX D

CAIZULA.ICN OF RESTREAINT &JRY IVAL DTSTA CE WD)

Prepcered by:

N

heofe 2 Acrece
, ack Beharrel

" Analysis Epalineet
“~rcial Projects Department
o 8, 1578



1.0

1.1

APPLNDIX D

CALCULATION OF RESTRAINT SURVIVAL DISTANCL
METHODOLOGY FOR CALCULATION .

KoD

INTRODUCTION

(RSD)

A hypothetical ai:

acteristic 1s used in conjunction witn barrierx

to calculate a relative

Survival Distance [(RSDj.

The

bagy restraint system trirce-derlection c¢har-

crash tect rosults

crashworthiness paramcter, Lnie Restraint

RSD 1nvolves 1he occupant stroking «ve- apnce { hich in-
cludes the aviilible vehizcle 1nterint space 1 - oqae pur bty s of
the vehicle front strocrure crus' whica wrovia s sccupant roote-
down). The dejrece ot vehicle styuctnral ridcde noo1s det vorore 4oy
the combination of the vehicle crash pulse « har 115t ¢ 11 the
restraint syster force deflectiorn properta s,

1.2 DETERMINATION OI RSD
The Restraine Survival Distan e (kSD) 15 do nined 1rom the
following relation:
Rob = ALlD - Iy, - D )
(E) c (b = +%*)
where:  AID 1s the avaitlable interior ocoapa L Jto ¢ v ) C1stalioe
based on velhicle 1nterior dimension
t* 15 tle ti1 ot walen the ocurart ve 5 1ty o gLirS Ccom-
partment v iocity
[)P 1s the absoiuvte dysplucem nt f b up: Lo fyoom onat -
tial crash 1' pact unta1l v*
De 1s the ab rute displecer it o0 tle ¢ i de co v tment
from 1ni1tial 1mpact to t>. this N be went o cter-
mincd from longrtudinal wvel ¢ 10 o] rotery dgtroat oo -
trens (1) ant () for vic > w ¥ ' TS P S
tively Faigure D=1},

D



Figure D-~1.
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The absolute displacement of the occupant (up) 1s determinec
assuming the following restraint system de .eleration puise (hvpo-

thetical air baig system)

TIMI - SLC - — - »
0.03

G

CTITRATLON -

ACC

~60G|— — = — — —

Integrating tnis pulse from 0 to t* 4 ves the occupant vele -

1ty history

B, =V, - 43.47 + 28u8cr - 48300t*% (oL tr 05 (1t ec)
bp -V + 7108 - 1932t (t 2 . ) (ft/scr)
Integrating once nore gives the occupa * di.placerwnt history
D, = 4347 « (V| - 43.47)e% 4 L1049t
16100e*> (103 < t* < .03) (ft)
‘)
DP = - 1.,5%778 ¢+ (Vl t TUIB EF - Ytk (vt J.05 sec) (1t

V. 1s the veirocity at 1mpact.
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The time t* is most easil, obtained bv plotting the compart-
ment velocity (obhtained trom *cect a~-elerometer data) and super-
1aposing this cure on thit ol racner trom ﬁp aby ve Th  tire at
whi *h the curves c1ousse gir.s t*. ‘he corresponding compartment
displacement 1- d.ter 1ned tirom the te -t acccler wo bt dita. The
occupant displ- cement 31t trme t* g determianet © oom the v la-

P
tion above.

The Av il le Iuterlor Dectance (AlD) 1s det rnaned for both
pre-test ind post-toest compartment veoa tires under the f2llowin g

assumptions:

1. Kn ¢ 1¢ straint 18 located o 1nches torward of occupant's
Fhoo (thorlr ortal mwoa urer nr gyt T tere o 1e v by 1ot
HESTOI BEED S AR AT ! th o0 apat!t  k coe rant loc 1t ed
bv drrsing 1 opine taryg ot oto o thh o oo by 0 0 1 parai-
el to 0 VIR I S R VR U RS BN I G SR AN S ol S vt Jal -
SOOI Rt bl Lds 1 babie bmonevoonn Ynee 3 Yding.
it S portooar P he aa3nn L pisSlve iY , t airnt
s/otes ) b ot purio t che AT tlonn v, the
KIEEe Tusoiaiad 1 1s et ot be 10 snche the o voand
capablc of ¢ isnhiina o a0 e SIS O (R TR B TS ar »
Ay ror oot ey roo e Sty « mairn sta-
t O ary i tlg the ol o

2. Phie Ry AR S St ot e st oot o)
wil?t o tr o 1t to vt o b 11 from the ae -
forive v 1 o vall, b hewv g Uanl LS e e ol t Li.  ~ne.
tirst. Ll tr o 3T10n 1, o torne ar oo Te rido-
ti1om +P ot the bottor of % 1o 1oy 0 | ¢y Lla bt oyith
the sl oping part f t o0 wall (o o o try s A
possi1nla). Tavoty» o there fon tikes pla ¢ b Lo

cceup "1 t's ankle pone pavot o point

3. Hi ar 7 ' acca the occuant s kneed by th preccding
S i o o f Stew , the ovclpint 1 rotatoa oar Lot Lhe
A1 o0t o u el vt

1 te Ted hicg the he rder or windshie 14,

b. The cneset hats the daoh (steering colum. .o 1guor ed).,
4. The ALD 15 theo tn horieort al displacenent i the chest

S S ot al L 0 o0 10 G the rtion

whemn oo e ot Thoab LTS The cteor ¢ .G. 18

Tovate L4 1} DUV e 1 veve t o weant and b

inches torwvare of the L.k ot the tor o



2.0 DSI-CALSPAN R5SD COMPARISON

An evaluation was made of the <imilarities ard difrerences
between the Dynamic Science and Calspan (rRetercnce 1) results of
fixed-barrier frontal crash tests oun presumablv i1dentical 1975

Honda CVCC's.

Basic to the calculation of the RIED are the occapant and pas-
senger compartment velocity and displacement time histories.

These are derived from the respective acceleraticn profiles,

I1gures D-2 ana -3 show the left and ri it compartment accel-
eration, velocity, and dis; lacement histories for tne DS1 and fox
the Calspan tests. Superimposed on the velrcaty an displacament
curves are the occupant velocity and displace ¢nt curve, sor the
DSI test conditions {(initial veloort, 30.83 mph . I'the alspan
occupant response curves would differ very It* ¢ “rcr th se,
since both are calculated on the basis of the standardi.ed passaive
restraint deceleration pulse. The Calspan 1nitial velcoity wa
40.25 mph.]

It 1s apparent From the ac.elorstion carse o (P1ovr s | -2 and
D-3) that therc 1s a lay 1n the DST arcelerotion-crne history.,
This 1s largely due to tne lifference 1n test con 1garctio . Phe

DS1 fixed barrier inciudes a 6-inch-th ck layer of lurinum tone g~
comb on the front face. In the D37 tests, 1wvtiar 1mpa ' L5 ¢ =
fined as the i1nstant of vehicle-honeycoml con act, s.n e the tes.

instrumentation detccts this contact.

The occupant velocsit, ana disp.aceaent wives Shoyn in bigures
D-2 and D-~3 were calculated on the bivrs of tar- ni1vtial time 10-
stant. However, the occupant velocits and displiaconeat equations
are obtained by 1integrating the restraint Jdeceler stion pulse,
assuming the 1nitial resrrairnt deployvi at-trigg 17y signil and

bag deployment rcquires 30 milliseconds. TI'his s:gnal weuld occur
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in the DSI test some time later and thus air bag deployment would

be correspondingly delayed.

'cr purpose< of comparison, the RSD's were recalculated
assuming a 7-millisecond delay in the DSI restraint deployment
signal. This corresponds to a constant velocaty Lraversal of
about 5 1ncnes of honeycomb, at 10 mph. 1his dolay produced
changes 1n t*, *he time 1t which ocoupant velocitly equals compart -
ment velocity, ind a coryrespondiny change 1n the quantaity (Up - Uo)
which appears 1 the RoD equation. F'he Alh's are not affected,

being dependenr orly upon compartment geowetry. Tablc D=1 summar -

1zes these results, i1loay with the ~orrecponding Calspan valuec.

TABLL D-1. COMPAR. -ON O PSD's DSI VIRSUL (ALSPAN -
375 1 o CVOC-TO=-TINED BAR: 11k

_ Driver Passer jer
Pre l)(l:\) T 0 P[) i
DSI (Dp curves not shitted) v.2 I5.5 6.7 9.6
DSI (Dp curves shifted 7 msec 1.5 10,4 3.0 0.4
Calspan 1.0 5. 7.8 4.5

All values are 1n incheo.

It 1s apparent that taking the triggering signal dcliay 1nto
1ccount prodace » better correlation between the Calgpan and DST
test-. Tt <hould be pointed out that the use of 1 7-millis_cond
delay 1< somewnit arbitrary, since the actual roetraint rploym nt
s1gnal 15 ydrerated on the bhosis of compartment deceleratarp.
Comp.rison of the accelerataon curves of I oigus O and D=t oG g
gests that a 7-millisecond delay o reasonille. However, the
comparativce r1cooalts e a yood 1edication ot the care that must

be taken to ensurc equ.valent test evaluation procedures.
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